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FOREWORD 


The  National  Standard  Reference  Data  System  provides  effective  access  to  the  quantitative  data  of  phisical  science, 
critically  evaluated  and  compiled  for  convenience,  and  readily  accessible  through  a  variety  of  distribution  channels.  The 
System  was  established  in  1963  by  action  of  the  President's  Office  of  Science  and  Technology  and  the  Federal  Council  for 
Science  and  Technology,  with  responsibility  to  administer  it  assigned  to  the  National  Bureau  of  Standards. 

The  System  now  comprises  a  complex  of  data  centers  and  other  activities,  carried  on  in  academic  institutions  and  other 
laboratories  both  in  and  out  of  government.  The  independent  operational  status  of  existing  critical  data  projects  is  maintained 
and  encouraged.  Data  centers  that  are  components  of  the  NSRDS  produce  compilations  of  critically  evaluated  data,  critical 
reviews  of  the  state  of  quantitative  knowledge  in  specialized  areas,  and  c<>mputations  of  useful  functions  derived  from  stand¬ 
ard  reference  data.  In  addition,  the  centers  and  projects  estahiish  criteria  for  evaluation  and  compilation  of  data  and  make 
recommendations  on  needed  improvements  in  experimental  techniques.  They  are  normally  closely  associated  with  active 
research  in  the  relevant  field. 

The  technical  scope  of  the  NSRDS  is  indicated  by  the  principal  categories  of  da.  .-ompilation  projects  now  active  or 
being  planned:  nuclear  properties,  atomic  :'nd  molecular  properties,  iolid  state  properties  therinodyiiamic  and  transport 
properties,  chemical  kinetics,  and  colloid  and  suvface  properties. 

The  NSRDS  receives  advice  and  planning  assistance  from  the  National  Reseurcl  ^.ouncil  of  the  National  Academy  of 
Sciences-National  Academy  of  Engineering.  An  overall  Review  Committee  considers  the  program  as  a  whole  and  makes 
recommendations  on  policy,  long-term  planning,  and  international  collaboration.  Advisory  Panels,  each  concerned  with  a 
single  technical  area,  meet  regularly  to  examine  major  portions  of  the  progratn.  assign  relative  priorities,  and  identify 
specific  key  problems  in  need  of  further  attention.  Fur  selected  specific  topics,  the  .Advisory  Panels  sponsor  subpanels 
which  make  detailed  studies  of  users'  needs,  the  present  state  of  knowledge,  and  existing  data  resources  as  a  basis  fur 
recommending  one  or  more  data  compilation  activities.  This  assembly  of  advisory  services  contributes  greatly  ti;  the  guidance 
of  NSRD.S  activities. 

The  'SSRDS-NBS  series  of  publications  is  intended  primarily  to  include  evaluated  reference  data  and  critical  reviews 
of  long-term  interest  to  the  scientific  and  technical  community. 


Lewis  M.  Branscomb,  Director 
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ATOMIC  TRANSITION  PROBABILITIES* 

(A  critical  data  compilation) 

Volume  II 

Elements  Sodium  through  Calcium 
W.  L.  Wiese,  M.  W.  Smith,  and  B.  M.  Miles 

Atomir  transition  probabilities  for  about  5,000  spectral  lines  of  the  second  ten  elements,  based  on  all  available  literature 
sources,  are  critically  compiled,  Tlie  data  are  presented  in  separate  tables  for  each  element  and  sta):e  of  ionization.  For 
each  ion  the  transitions  are  arranitetl  accordin)!  to  multiplets,  supermultiplets,  transition  arrays,  and  increasin)!  quantum 
numbers,  ,Mlowed  and  forbidden  transitions  are  listed  separately.  For  each  line  the  transition  probability  for  spontaneous 
emission,  the  absorption  oscillator  strength,  and  the  line  streniitli  are  (dven  alona  with  the  speetroscopie  desifination,  the 
wavelen)!th,  the  statistical  weiiihts,  and  the  enerjiy  levels  of  the  up|ier  and  lower  states.  In  addition,  the  estimated  accuracy 
and  the  source  are  indicated.  In  short  introducthais,  which  pnece''"  *“■  tables  for  each  ion,  the  main  justifications  for  the 
choice  of  the  adopted  data  and  for  the  accuracy  ratin)!  are  discussed.  A  general  introduction  contains  a  detailed  discussion 
of  the  critical  factors  entering  into  each  major  experimental  and  theoretical  method.  It  also  includes  a  general  critical 
assessment  of  the  widely  used  Coulomb  approximation,  and  a  number  of  illustrative  examples  for  the  exploitation  of  regu¬ 
larities  or  systematic  trends  among  oscillator  strengths. 

Key  Words;  Allowed  and  forbidden  transitions:  oscillator  strengths;  transition  probabilities;  sodium;  magnesium; 
aluminum:  silicon:  phosphorus;  sulfur;  chlorine:  argon:  potassium:  calcium. 


A.  INTRODUCTORY  REMARKS  B.  SCOPE  OF  THE  TABLES 

This  is  the  sectind  part  of  a  continuinjt  effort  to  critically  In  our  present  compilation  we  maintain  the  scope  and 
evaluate  and  compile  atomic  transition  probabilities.  After  format  of  our  earlier  Volume  I  [1],  i.e.,  we  present  critically 

completion  of  the  first  part  which  contained  the  available  evaluated  transition  probabilities  of  allowed  and  forbidden 
data  for  the  elements  hy wiften  thrmi)di  iietm  1 1},  we  scanned  .hstTete  tTanshioTis  of  elements  Z-  \\  thTottjsh  20  fnehidinR 

through  the  /-value**  literature  [2]  for  the  heavier  elements  all  stajies  of  ionization  for  which  we  have  data.  As  source 

and  IWnd  ssmiewivat  tr*  our  aurprias'  that  the  nunierkal  materid  all  the  Uterature  refereneea  contained  in  (2)  plus 

material  on  the  elements  with  atomic  numbers  11  throu;£h20,  some  more  recent  pajicrs  have  been  used, 

i.e.,  up  to  the  first  element  of  the  iron  group,  was  rather  We  have  aimed  again  at  presenting  fairly  reliable  /-values 

extensive  and  appeared  to  be  fairly  well  distributed  through-  for  at  least  all  the  strong  characteristic  lines  of  the  various 

out  these  spectra,  including  the  higher  stages  of  ionization.  atoms  and  ions  in  order  to  present  a  table  of  general  useful- 
We  therefore  decided  to  systematically  evaluate  the  data  ness.  Specifically,  we  have  tried  to  include  at  least  the  first 

for  these  elements  of  the  third  period  of  the  periodic  system  half  of  the  multiplets  listed  for  each  spectrum  either  in  the 

and  in  addition  K  and  Ca.  In  the  course  of  our  preliminary  “Revised  Multiplet  Table”  [5],  in  the  “Ultraviolet  Multiplet 
survey  we  found  several  serious  gaps  and  discrepancies  in  Table”  [6]  or  in  the  recent  “Selected  Tables  of  Atomic 
the  data.  Several  research  teams,  in  particular  our  own  Spectra”  |7). 

Plasma  Spectroscopy  Section  at  NBS,  undertook  the  task  Aside  from  this  objective  of  listing  the  stronger  lines,  we 
to  improve  the  situation  for  these  spectra.  Thanks  to  these  have  included  all  additional  available  material  with  uncer- 
efforts  and  to  the  availability  of  the  Coulomb  approximation  tainties  not  exceeding  50  percent.  Most  of  the  final  tabula- 

by  Bates  and  Damgaard  [3],  as  well  as  to  the  exploitation  tions  were  undertaken  during  1%7  and  the  first  half  of  1968. 

of  many  evident  regularities  among  atomic  /-values  (4),  we  Thus,  essentially  all  literature  through  1%7  and  in  some 

arc  now  able  t(t  present  a  fairly  c(tmplete  body  of  material  cases  even  later  work  could  be  taken  into  account, 

of  moderate  accuracy.  However,  need  for  further  improve- 

CRITICAL  REVIEW 
SOURCES  AND  METHOD  OF 

with  regard  to  accuracy  is  probably  best  indicated  by  the  EVALUATION 

fact  that  this  extensive  compilation  contains  only  tw<j  allowed 

transitions  classified  as  having  an  uncertainty  of  less  than  },  General  Review  of  the  Problem 

.3  percent,  namely  the  Na-D  lines. 

The  present  statu.4  of  our  knowledge  of  atomic  transition 
probabilities  must  still  be  considered  as  being  far  from  ideal, 

— - -  ••Hrrrtifirr.  wr  Khali  uki*  ihi*  i‘«|uiv«l(‘nl  (»*Tm»  ’’(ranmliMn  |•r•»babilil>.  iwrillalor  Klrmitlh 

*Sii|i|M>rlnl  by  ihr  ^dvaiHTil  KeKeareh  PriijrelK  mI  the  Drpartmenl  f)rieii*r.  undri  /-value,  aixt  line  Klnuplh”  on  an  inlrn  hantieable  haKiK.  The  numeriral  relaliunKhiiw  belwren  lhe»e 

PrMjeri  IIEFKNDKK.  «iuanlilirii  are  itivrn  in  llir  ronvrmHm  table  at  ibe  enil  of  ihiK  General  IninKfiiriiun. 


OF  THE  DATA 


ment  is  quite  evident  on  chtse  inspection  of  the  tables, 
especially  for  the  important  spectra  of  Sit,  Pi  and  P 11. 
The  still  rather  unsatisfactory  status  of  the  numerical  data 
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but  some  good  progress  has  been  made  during  the  last  few 
years.  In  particular,  the  increased  availability  and  use  of 
computers  have  made  feasible  much  more  refined  theoretical 
approaches  than  would  have  been  thought  possible  just  a 
few  years  ago.  Among  the  recent  theoretical  advances  the 
inulticonfigurational  approach,  also  called  the  method  of 
“superposition  of  configurations”  (SOC),  developed  by 
Weiss  [8,9, 10]  and  others  [11. 12, 13, 14]  should  be  especially 
singled  out.  Another  significant  recent  development  has  been 
the  application  of  the  nuclear  charge-expansion  method  to 
the  calculation  of  /-values  by  Dalgarno  and  his  co-workers 
[15,  16,  17J.  On  the  experimental  side,  the  Hanle  effect 
method  of  measuring!:  accurate  atomic  lifetimes  must  be 
especially  mentioned  as  a  method  brought  into  recent 
prominence  by  the  productive  work  of  several  groups,  not¬ 
ably  by  Lurio  and  others  [18, 19].  Many  other  proven  methods 
have  progressed  quite  a  bit  by  the  introduction  of  modern 
data  process,  ng  techniques,  which  have  made  the  data  much 
more  amenable  to  statistical  error  treatments.  Finally,  the 
detection  of  many  systematic  trends  and  regularities  amc/g 
/■values  (see  also  C.3)  ties  many  independently  determined 
data  together  for  the  first  time  and  has  thus  established  a 
reliable  framework  of  values. 

In  Volume  I  we  have  already  given  a  short  description  tf 
the  major  experimental  and  theoretical  methods  from  which 
the  bulk  of  the  data  are  obtained;  thus  we  do  not  have  to 
repeat  this  here.  For  detailed  descriptions  of  the  various 
approaches  we  would  also  like  to  refer  to  two  recent  review 
articles,  namely  a  review  of  the  theoretical  approaches  by 
Layzer  and  Garstang  [20]  including  those  for  forbidden  lines 
and  a  general  discussion  of  the  various  experimental 
methods  by  one  of  us  [21]. 

The  central  problem  of  this  compilation  is  the  evaluation 
of  the  reliability  and  accuracy  of  the  available  data.  Since 
this  aspect  is  so  crucial,  we  want  to  discuss  it  in  detail  again 
and  thus  complement  and  add  to  the  remarks  we  have  al¬ 
ready  made  in  our  earlier  published  volume. 

First  the  principal  four  guide-posts  should  be  stated  by 
which  we  have  evaluated  the  accuracy  of  the  data.  These  are: 

I.  The  author’s  evaluation  of  his  uncertainties. 

II.  The  degree  of  agreement  between  the  results  and 
other  reliable  material. 

III.  The  author’s  consideration  of  all  major  critical 
assumptions  and  factors  entering  into  the  results. 

IV.  The  degree  of  fit  of  the  data  into  established  regulari¬ 
ties  and  systematic  trends  or  consideration  of  possible 
reasons  fur  deviations. 

Only  a  few  general  comments  may  be  made  about  points 
1  and  II.  All  further  remarks  on  these  points  depend  so  much 
on  the  particular  available  material  that  they  have  to  be 
relegated  to  the  individual  introductions  for  each  spectrum. 
Our  principal  comment  on  the  authors’  estimates  of  their 
uncertainties  is  that  we  Have  sometimes  found  experi¬ 
mentalists  to  give  only  estimates  of  their  statistical  errors, 
but  no  allowance  for  any  suspected  ystematic  errors.  On 
such  occasions  we  have  been  more  conservative  with  our 
estimates  than  the  original  authors.  In  many  other  instances 
authors  have  been  simply  too  uptimistic  in  their  error  esti¬ 
mates,  as  is  borne  out  by  the  discrepancies  of  their  results 
with  other  reliable  material  much  outside  the  mutually 
estimated  error  limits,  or  by  discrepancies  with  well-estab¬ 
lished  systematic  trends. 

Point  II,  i.e.,  specific  comparisons  with  other  data,  does 
not  warrant  any  further  general  comment.  Many  of  the 
introductions  on  the  individual  spectra  contain  special 
comments  on  this  subject.  An  illustrative  example  of  our 


comparison  tables  will  be  given  later  in  some  other  connec¬ 
tion  (see  table  7). 

2.  The  Critical  Factors  for  Determining 
Transition  Probabilities 

A  detailed  discussion  is  now  in  order  on  points  III  and  IV. 
Since  the  success  of  an  experiment  or  a  calculation  is 
mainly  a  question  of  how  well  the  critical  factors  encountered 
in  the  particular  method  have  been  coped  with,  we  have 
soiled  out  and  collected  below  the  major  factors  which  need 
to  be  considered  for  the  application  of  each  of  the  major 
experimental  and  theoretical  methods.  This  list  should 
reflect  the  current  slate  of  our  knowledge  about  the  major 
problem  areas  in  the  various  methods.  In  each  available 
experiment  or  calculation,  all  these  critical  factors  should 
have  been  considered,  e.g.,  all  the  assumptions  and  approxi¬ 
mations  going  into  the  method  should  have  been  examined 
for  validity.  Thus  we  may  use  these  factors  as  a  set  of  cri¬ 
teria  by  which  to  judge  each  paper:  If  they  are  properly 
treated  or  accounted  for,  a  paper  should  pass:  otherwise  it 
should  be  rejected  from  this  compilation.  However,  we  found 
that  at  the  present  time  we  cannot  judge  the  literature  with 
such  a  rigid  procedure,  since  we  would  then  lose  many  of  the 
available  papers  because,  for  example,  it  was  sometimes  not 
feasible  to  consider  all  critical  factors.  We  have  therefore 
relaxed  our  requirements  and  nave  ol'ten  included  slightly 
defective  papers,  where,  for  example,  the  authors  have  not 
properly  accounted  for  all  presently  known  sources  of  syste¬ 
matic  errors  but  for  most  of  them.  In  these  cases  we  have 
of  course  adjusted  the  estimated  errors  or  we  have  discarded 
the  absolute  scale  of  an  experiment,  if  only  this  was  defec¬ 
tive,  but  have  used  the  relative  values. 

a.  Critical  Factors  in  the  Experimental  Methods 

a.  Measurements  in  Emission  — The  largest  number  of 
experimental  /-values  have  been  obtained  from  measure¬ 
ments  of  the  intensities  of  spectral  lines  wh:ch  are  emitted 
from  plasmas  under  known  conditions.  With  arc  sources 
the  spectra  of  Mg  I,  Si  I  and  II,  S  I  and  li.  Cl  I  and  il,  Ar  I  and 
II  and  Cal,  with  shock  tubes  the  spectra  of  Si  and  ll. 
Cl  I  and  II  and  Ar  I  and  with  a  flame  source  the  spectrum  of 
K I  have  been  studied.  In  evaluating  these  experiments  we 
have  especially  investigated  if  the  following  critical  assump¬ 
tions  and  factors  are  satisfactorily  taken  into  account  by 
the  authors; 

(a)  Existence  of  local  thermodynamic  equilibrium  (LTE) 
or.  for  relative  /-value  measurements,  existence  of 
partial  LTE. 

<b)  Absence  of  self-absorption. 

lc)  Consideration  of  demixing  effects  in  arcs. 

ld)  Consideration  of  the  effects  of  boundary  layers  in 
shock  tubes,  and  the  effects  of  inhomogeneous  zones 
in  sources  assumed  to  be  homogeneous. 

le)  High  density  corrections  in  plasma  sources. 

(0  Consideration  of  the  intensity  contributions  in  the  line 
wings  and  for  the  background  below  the  lices. 

(g)  Adjustments  for  inherent  uncertainties  in  the  diagnos¬ 
tic  methods  (for  example,  for  uncertainties  in  plasma 
line-broadening  theory). 

The  largest  uncertainties  in  ihe  /-values  result  if  ihe 
requirements  (a),  (b),  and  (c)  are  not  fulfilled.  Httwever,  in 
the  case  of  self-absorption,  i.e.,  for  deviations  from  recjuire- 
ment  (b),  strong  lines  are  affected  much  more  than  ihe 
weaker  ones.  If  the  points  (d)  through  (g)  are  not  properly 
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treated,  then  the  effects  on  the  transition  probabilities  are  ^ 
normally  much  smaller  and  hardly  ever  give  rise  to  uncer¬ 
tainties  above  50  percent. 

Absorption  experiments,  which  in  this  compilation  are 
only  encountered  for  the  cases  of  Mg  I  and  Cal,  are  quite 
similar  in  their  critical  requirements  to  the  above-discussed 
emission  experiments  and  will  therefore  not  be  discussed 
further.  At  this  point  some  comments  in  order  on  the 
extensive  transition  probability  tables  by  Corliss  and 
Bozman  [22].  The  transition  probabilities  obtained  by  these 
authors  are  derived  from  the  spectral  line  intensity  measure¬ 
ments  of  Meggers  et  al.  [23].  Since  the  primary  objective  of 
this  work  has  been  the  measurement  of  line  intensities  on 
a  uniform  scale,  but  not  the  i.'easurement  of  transition  proba¬ 
bilities,  several  of  the  critical  factors  and  assumptions  listed 
above  were  not  taken  satisfactorily  into  account  Especially 
the  nonconsideration  of  oui  points  (d),  (a),  and  (c),  in  that 
order,  is  probably  responsible  fur  many  strong  discr-pancies 
observed  between  their  material  and  other  data,  ranging  in 
size  up  to  factors  of  20.  Since  we  have  other  material,  from 
fairly  reliable  sources,  for  practict^Ily  all  the  lines  treated  by 
Corliss  and  Bozman,  we  have  refrained  from  using  any  data 
from  their  tabulation. 

jS.  Measurements  of  Anomalous  Dispersion  — We  have 
employed  the  data  from  several  anomalous  dispersion  meas- 
urem  lits,  performed  with  the  hook  method,  for  the  spectra 
of  Na  1,  Mg  1,  Al  1,  Si  1,  K  1  and  Ca  l.  The  most  critical  factors 
of  this  method  are  the  assumptions  going  into  the  determina¬ 
tion  of  the  populations  of  the  atomic  energy  levels  from 
which  the  absorption  of  rediation  takes  place.  We  have 
however  in  all  cases  circumvented  this  potentially  large 
source  of  systematic  uncertainty  by  employing  the  results 
only  on  a  relative  jeale,  that  is.  by  renormalizing  the  meas¬ 
ured /-values  to  a  scale  different  from  the  originally  deter¬ 
mined  one. 

y.  Lifetime  Measurements— Litetme  measurements  with 
the  delayed  coincidence  and  phase  shift  techniques  as  well 
as  with  the  Hanie  effect  have  been  carried  out  for  Nat, 
Mg  I  and  tt.  All,  Sit  and  tt.  Ft  and  It,  St  and  it,  Cli, 
Ar  1  and  It,  K  I  and  Ca  i  and  It.  The  derived  transition  proba¬ 
bilities,  even  though  there  are  only  very  few  per  spectrum, 
are  among  the  most  accurate  ones  available  to  date.  The 
major  critical  factors  of  lifetime  experiments  are; 

(a)  Radiative  cascading. 

(b)  Radiation  trapping  or  imprisonment. 

(c)  Collisiunal  depopulation  of  a  level. 

(d)  Self-absorption  in  the  spectral  lines  emitted  by  the 
light  sources  used  for  the  excitation. 

(e)  Insufficient  spectral  resolution  for  the  detection  of  the 
radiation. 

Points  (a)  and  (e)  can  become  potential  sources  of  syste¬ 
matic  errors  only  if  nonmonuenergetic  electron  beams  are 
used  with  energies  sufficiently  above  the  threshold  energy 
of  the  level  to  be  observed,  because  in  this  case  one  has  no 
way  of  selective  excitation  of  the  atomic  energy  levels.  Thus, 
if  lines  emitted  from  other  levels  have  accidentally  the 
same  or  nearly  the  same  wavelength  as  the  transition  to  be 
investigated,  they  would  also  be  admitted  to  the  detector  if 
the  spectral  resolution  of  the  system  is  insufficient.  Self- 
absorption  in  the  light  source  used  for  the  excitation  (imint 
(d))  may  be  critical  in  Hanie  effect  experiments,  since  it  leads 
to  a  distortion  in  the  measured  shape  of  the  output  signal. 
Cascading  and  radiation  trapping,  (a)  and  (b),  normally  tend 
to  lengthen  the  measured  lifetime,  while  collisional  deiJopu- 
lation  (c)  shortens  it. 


h.  Critical  Factors  in  the  Theoretical  Methods 

Theoretical  treatments  have  provided  the  large  majority 
of  the  data  fo’-  this  compilation.  They  contribute  greatly  to 
all  first  and  second  spectra  (with  the  exception  of  Ar  I  and 
Ca  l)  and  are  the  exclusive  source  on  all  higher  spectra. 

For  the  theoretical  approaches  the  situation  differs  from 
the  experiments  insofar  as  they  cannot  be  subjected  to  a 
systematic  error  analysis,  since  there  is  no  simple  quantita¬ 
tive  measure  available  for  estimating  the  size  of  the  uncer¬ 
tainties  introduced  by  the  various  approximations  in  the 
theoretical  models.  However,  comparisons  with  accurate 
experimental  results,  as  well  as  analysis  of  the  data  in  the 
light  of  apparent  regularities  and  sum  rules,  and,  finally, 
general  consistency  checks  (for  example,  between  the  dipole 
length  and  velocity  approximations  of  the  transition  integral) 
have  accomplished  a  great  deal  towards  exposing  the  critical 
factors  and  finding  general  criteria  which  must  be  met  for 
obtaining  reasonably  reliable  theoretical  /-values.  The  two 
main  criteria  may  be  stated  as  follows; 

(a)  For  transitions  with  equivalent  electrons  present  in 
the  upper  or  lower  state  the  calculations  should  include  the 
effects  of  configuration  interaction,  since  in  this  case  one 
cannot  reasonably  apply  the  independent-particle  model  to 
the  jumping  electron,  but  has  to  take  into  account  correla¬ 
tion  effects  between  the  electrons. 

(b)  For  transitions  where  the  jumping  electron  is  in  a  shell 
by  itself,  the  initial  and  final  levels  should  be  checked  for 
possible  neighboring  perturbing  terms,  in  which  case  a 
configuration  interaction  treatment  may  become  necessary. 
But,  unless  such  a  special  situation  is  encountered,  the 
standard  one-electron  approximations  should  be  adequate, 
provided  the  transition  integral  is  not  subject  to  strong 
cancellation  effects.  The  spectroscopic  data  should  also  be 
examined  for  indications  of  spin-orbit  interaction  before  a 
particular  coupling  scheme  is  adopted. 

a.  Calculations  Based  on  Self-Consistent  Field  (SCF)  Wave 
Functions.  The  often-employed  SCF  calculations  have  been 
used  in  various  levels  of  refinement,  which  may  be  arranged 
in  a  hierarchy  of  approximations  such  as  presented  in 
figure  1.  Many  comparisons  with  experiments  have  shown 
the  following;  First,  for  transitions  between  moderately  or 
highly  excited  states,  i.e.,  with  the  jumping  electron  in  a  shell 
by  itself,  the  Hartree-Fock  or  the  simplified  Hartree-Fock- 
Slater  approximations  usually  give  adequate  results,  pro¬ 
vided  no  cancellation  in  the  transition  integral  and  no 
perturbing  terms  are  present.  Secondly,  for  transitions 
involving  orbits  which  strongly  penetrate  the  core,  polariza¬ 
tion  or  relaxation  of  the  core  should  also  be  taken  into 
account.  Thirdly,  if  in  the  case  of  shell-equivalent  electrons 
(i.e.,  electrons  with  the  same  principal  quantum  number)  the 
interaction  with  other  electrons  is  very  strong,  i.e.,  if  the 
independent-particle  model  breaks  down,  then  the  SCF 
approach  should  be  used  in  conjunction  with  rn  extensive 
mulli-configurational  treatment  (e.g.,  the  superposition-of- 
configurations  approach),  or  some  equivalent  procedure 
which  adequately  represents  the  detailed  effects  of  electron 
correlations. 

/3.  The  Nuclear  Charge-Expansion  Method.  This  method 
has  been  rect  ntly  applied  to  a  number  of  transitions  in 
simpler  atomic  systems.  Many  comparisons  with  experiments 
and  other  theoretical  methods  indicate  that  it  produces  nor¬ 
mally  rather  accurate  /-values  for  high  values  of  the  nuclear 
charge,  i.e..  for  the  highly  charged  ions  in  each  sequence. 
This  statement  applies  primarily  to  the  multiple!  /-values, 
while  the  individual  line  /-value  may  be  affected  by  devia¬ 
tions  from  /.S-coupling  which  generally  increase  for  the 
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highly  charged  ions.  This  is  clearly  observed  in  figures  4  and 
■5.  given  latei  in  connection  with  the  discussion  on  the  nuclear 
charge  dependence  of  /-values.  But  in  figure  6  the  few  avail¬ 
able  data  do  not  permit  a  definite  conclusion  at  this  time.  The 
same  figures  indicate,  on  the  other  hand,  that  the  charge 
expansion  method  is,  in  its  present  level  of  refinement,  not 
satisfactory  at  the  neutral  ends  of  isoelectronic  sequences, 
especially  lor  those  transitions  where  configuration  effects 
are  pronounced.  A  more  complete  treatment  of  thes-  effects 
is  clearly  needed. 

y.  The  Coulomb  Approximation.  Some  detailed  remarks 
about  t!ie  Coulomb  approximation  [3]  are  in  order  since 
we  have  extensively  applied  this  very  useful  approximation 
to  fill  many  glaring  gaps  in  the  data.  The  Coulomb  approxi¬ 
mation  does  very  well  indeed  in  its  proper  range  of  applica¬ 
tion.  This  may  be  best  seen  when  it  is  subjected  to  the  two 
possible  checks  mentioned  earlier,  namely,  first  to  a  com¬ 
parison  with  the  most  aeearale  experifnef.lal  data  and  sec¬ 
ondly  to  the  degree  of  fit  into  'he  systematic  trends. 


Let  us  first  review  the  comparisons  with  accurate  experi¬ 
mental  data;  The  most  accurate  ones  are  from  lifetime 
measurements  where  the  uncertainties  are  typically  10 
percent  or  less.  We  have  therefore  collected  in  table  1  all 
available  comparisons  between  the  Coulomb  approximation 
(when  it  is  not  subject  to  significant  cancellation)  and  either 
lifetime  measurements  or  those  other  data  which  are  based 
on  an  absolute  scale  obtained  from  lifetime  measurements. 
We  have  ordered  these  data  according  to  the  complexity 
of  the  spectra  and  type  of  transitions.  One  may  draw  the 
following  conclusions;  for  one-electron  spectra  (part  a  of 
table  1)  the  agreement  is  very  close  as  expected;  for  more 
complex  spectra  (part  b),  but  with  the  jumping  electron  in 
a  shell  by  itself,  the  agreement  is  still  quite  good,  even  in 
the  cases  of  Ar  I  and  II,  and  it  usually  becomes  better  the 
less  penetrating  the  orbits  of  the  states  are;  but,  finally, 
with  equivalent  electrons  present,  as  in  Mg  I  (part  c),  large 
devkAions  are  apparent  which  are  not  sarprising  ainec  this 
is  really  outside  the  range  of  application  for  this  method. 


Table  la.  Comparison  between  data  from  the  Coulomb  approximation  and  from  accurate  ex¬ 
perimental  sources  for  one-electron  spectra 


S  peel  rum 

Transition 

Multiple! /value 

Method  and  Authors* 

Coulomb 

Approx. 

Ex|ierimenl 

Nal 

3s  — Zp 

0.94 

l.ife:  Kibble  et  al. 

Life;  Link. 

1.029 

Life:  Baylis. 

3p  —  M 

0.095 

0.106 

Life,  and  central  field  approx.;  Karsiensen  and 

Schramm:  Prokofev. 

4p  —  4d 

0.97 

0.91 

Life,  and  central  field  approx.:  Karsiensen  and 

Schramm;  Prokofev. 

Miiii 

33  —  3/; 

0.89 

0.96 

1 

Life;  Smith  and  (iailatdier. 

K) 

4s— 4p 

0.99 

0.954 

Life:  Link. 

1.02 

Life:  Schmieder  el  al. 

Cb  II 

4s  — 4p 

0.99 

0.97 

Life:  Smith  and  (iallagher. 

3d—4p 

_ 1 

0.049 

0.053 

Life:  Smith  and  (iallagher. 

•Tile  eomplele  refereneen  are  lisled  in  lb>:  labulaliims  for  each  apecirum. 


Table  lb.  Comparison  between  data  from  the  Coulomb  approximation  and  from  accurate  experi¬ 
mental  sources  for  transitions  where  the  jumping  electron  is  in  a  shell  by  itself 


Total  line  strcntttli  .S 

S|)cctruni 

Transition  Array 

(iouloinb 

Apiirox. 

Ex|H-rinicnt 

Method  diitl  Aiitlion«* 

Ar  1 

45  —  4/1 

333 

3.S2 

Life  and  staliilizcd  am  Klosc,  and  I'opciioc  and 
Shumaker. 

4/1  —  65 

n.-s 

12.2 

i.ife  und  Klaliih/ed  ore;  Kloste.  Hnen  et  ul..  (!orli!«!4  and 
Shiimuker  (weak  lines  oliiained  Iroin  iiilerinediule 
loiipliii^  l  iih'iiluiioiis  ol' Joiinsion). 

Artt 

45  —  4/1 

MS 

j 

419 

i _ 

Life  and  staliilizcd  am  Hrnnett  et  al..  Shiunaker  and 
Hopenoe.  Sehna|iaiilT  tweak  lilies  obtained  from 
intermediate  eouidinp  calriilatioiis  of  Kndko  and 
Tan):.  Statz  et  al..  and  (iarstaim). 

’The  complete  references  are  listed  in  the  tabulations  .or  each  spectrum. 


Table  Ic.  Comparison  between  data  from  the  Coulomb  approximation  and  from  accurate  experi¬ 
mental  sources  for  transitions  with  shell-equivalent  electrons 


Spectrum 

Transitior 

Miiltiplet  /-value 

Method  and  .Authors* 

(ioulomb 

Approx. 

Experiment 

Mx't 

35'!  '5  -  353/1  'P' 

1.6.'% 

1.85 

l.-te:  l.nrio. 

Life'.  Smith  and  (inllatiher. 

Cal 

'Sr 4.14/1  '1” 

1.83 

1.79 

Life;  l.urio. 

1.74 

Life;  Smith  and  (iailaiiher. 

1.72 

Life;  Mul|ike  et  ul. 

Alt 

35''3p  -P°-35''3</  "D 

0.41 

0175 

Life;  Budiek. 

35-'.3/i  •-P”-35''45  -S 

Oltt 

0121 

I.ife;  Denilrmler. 

Silt 

.35''.3/i  ''P''-35''3</  "D 

0..'i7 

057 

Life;  l.uwrem  e  and  Savage. 

3s'-3/j  -F'*— 3s-45  '^S 

O06.'i 

0129 

Life;  l.awrenee  anil  Savage. 

Si  1 

3s-'3/i-  ''P-.3s-'.3/i3</ "!)" 

0462 

0068 

Life;  Lawrence  and  .Savujie. 

.35''3/i-  "I’-35''.3/i4.i  'I'" 

OO'il 

01.55 

I.ife  and  iniermed,  ronpl.  rule;  l.nwrenre  and  Savage. 

'D-'l” 

OO'W 

01.35 

Life  and  intermed.  conpl.  ("ale;  Lawrence  and  Savacc. 

'.S-'P° 

00'% 

OKX) 

I.ile  and  iniermeil.  eoiifd.  rale;  l.awrenee  and  Savage. 

’The  complete  references  are  listed  in  the  tabulations  for  each  spectrum. 
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Table  2.  Estimated  uncertainties  for  {-values  obtained  from  the  Coulomb  approximation 

«l«i  noi  it|>|>l>  fur  i«illi  Ai'vrri'  ratu-cIliitMiii  in  tlir  IrmiMiMin  tnli*isriil.  tihii'li  ihr  umrrliiinlit*'*  arr  iiiui  !  hi}:hi‘r.  TraiiKiiioiiA  |»rtHr(*ii  itUli'D 
UrntT  lliaii  lilt*  oticfi  liMji'il  air  I'MiDtiilcri'd  ii'JIkiiI**  ihr  rantsi'  i»f  aMi>tii-abilil>  ««f  lliU  a|i|tn<KiHia>ion.  Thr /■^alut'n  fur  indiviilual  lin<‘  -  and  ina)  Ih*  M«ni<‘lini<‘M 

ai'i'urati'  ilui*  lo  dcpartjri'a  from  iIk*  normalK  applit'd  /.V*<*iiu|>lin«  Urr 


Transition 

Estimated 

uncertainty 

(liercent) 

Isorlectninic  sequences 

l.r*nis  — 

ls’'11/l 

( m  =  2.  .3  .  . 

.:  11  =  2.3 

. .) 

10-20 > 

Lithium. 

nift  - 

ns 

(m  =  2..y  .  . 

.:  11  =  2.3 

. .) 

10-20 

ml 

( m  =  2.  3 

.;  11  =  3.4 

. .) 

10-20 

1  .ii®2s  m/I  — 

1  s*2.oii/ 

( m  =  3. 4  .  . 

..  11  =  3.  4 

.  .1^ 

25 

Beryllium. 

2/1  Hli  — 

2/III/I 

(  ni  =  3,  4  .  . 

.:  11  =  3.4 

.  .)* 

23 

m/»  — 

III/ 

( m  =  3.  4  .  . 

.:  r  =  3.  4 

•  ‘} 

23 

l5*2s-2/i"iii.'i  — 

l.r*2s*2/i''ii/i 

( m  =  3.  4  .  . 

.;  11  =  3.4 

. .) 

(a) 

11=1.2.3 

23 

Boron,  carbon,  nitro/ien. 

oxygen. 

(bl 

11  =  4. 

50 

Fluorine,  neon. 

m/)  — 

ml 

( III  =  3. 4  . 

.;  1  =  3.4 

. .) 

(a( 

11=1.2.3 

25 

Boron,  carbon,  nitrogen. 

oxygen. 

III) 

n  =  4.  5 

30 

Fluorine,  neon. 

l.v’2s*2/)“ms  — 

1  ,'i*2.i'2/i“ii/i 

( m  =  3.  4  .  . 

.:  11  =  3.4 

. .) 

20-.30' 

Sodium. 

IH/I  — 

ns  or  ml 

(ni  =  3.  4  .  . 

.:ii  =  .3.  4 

. .) 

20-30 

nid— 

tift  or  «/ 

( m  =  3.  4  .  . 

.;  11  =  4.  3 

. .) 

2(K30 

ml 

( m  =  4.  .5  .  . 

.;  11  =  5.  6 

■ .) 

2(K30 

l.'i-2s’'2/i''.'t,vi/i,<  — 

]s^2s^2ii'K\snii 

( III  =  4.  .3  .  . 

11  =  4.  5  . 

.  .)* 

50 

Magnesium. 

llxli  — 

ns  or  III/ 

(m  =  4.  .S  .  . 

.:  11  =  4.5 

.  .)'* 

50 

111(1  — 

ii/i  or  Ilf 

( m  =  .3. 4  .  . 

.;  11  =  4.3 

.30 

III/'- 

ml 

( III  =  4.  .S  .  . 

.:  11  =  5,  6 

. .) 

.30 

1  .i-2.r''2/At.?’iii(/  - 

l.'i“2.'i-‘2/i'‘.'t.'i’ii/i  or  II/ 

( m  =  3.  4  .  . 

.:  11  =  4.5 

. .) 

30 

Aluminum. 

nil 

( ni  =  4.  .3  .  . 

11=  . 

. .) 

.30 

MI/2  — 

ns  or  ml 

( i«  =  4.  .3  .  . 

.;  11  =  4.3 

. .) 

.30 

III/ 

( III  =  4.  3  .  . 

.:  II  =  4.  3 

. .) 

.30 

1  Ills  — 

Silicon,  iiliospliorus,  sul- 

(ii'--0.2..t.4. 

3;  in  =  4.  .3  .  . 

11  =  4. 

. .) 

.30 

fur.  clilorine.  argon. 

W/l  — 

ns  or  ml 

(11  =  1.2.  .y.t. 

3:  III  =  4. 3  .  . 

11  =  4. 

. .) 

.30 

'  Mau;.'i'  di'iK’iiiU  nn  rniii|iuri»uM  iiulcridl  in  «.fi|iiriit-«'  and  sanNiiio^  m|  hi  ii  >>>«.|riiialH'  Irriiib, 

-  2  .■■iih::iir<iiiiii)  ■ll'•■ra^ll•Ml  indit'alf  Hut  MuihtfiiralMiii  iihmii;:  mIimSi  arr  omI  ai  liiaJrd  in  >hi’  lioulMiidi  apiMiuimalinii.  iiia\  mmit'linirK  iH'i'iinii' 

••i;!iidi<'.iiil  lor  iIk'm*  )raii»ili<ifi».  r>a|ii'«'iall\  Iit  lii^rlirr  M'iio. 

’  M—Ap  iripIriA  and  ain^lrn  nnlv 


The  (liiuliimb  appntxim.-ilion  resiills  fil  also  reiuarkahly 
well  iiild  llie  syslenialie  Irends.  As  some  insiruclive  ex¬ 
amples  we  preseni  figures  12,  14,  16,  19,  20,  and  21  al  ihe 
t'lici  ttf  ihis  t'eneral  inlroditclion,  whieli  are  presenled  ihere 
in  ettnneclion  wilh  olher  purposes.  Il  is  seen  lhat  ihe  de- 
vialions  of  ihe  Coulomb  approximalion  resulls  from  ihe 
eurve  of  besi  fil  are  hardly  grealer  lhan  10  percent.  Thus, 
lo  sum  up,  ihe  ('oulomh  approximalion  has  in  ils  proper 
range  of  application  consislenlly  given  good  agreenieni 
when  reliahle  experiraenlal  comparisons  have  been  avail¬ 
able,  and  il  fils  well  into  the  regularities.  Therefore  ils  ex¬ 
tensive  use  as  well  as  ils  preference  over  some  less  accurate 
experimental  methods  ai)pear  lo  he  very  well  warranted. 


Based  on  these  comparisons  and  consistency  checks,  as 
well  as  on  the  general  rule  that  transitions  between  non- 
peiielraling  orbits  (like  3(/  — 4/)  are  more  suitable  for  this 
approximalion  lhan  those  involving  strongly  core-penetrating 
orbits  (like  .15  —  3/;),  we  have  given  the  error  assignments 
collected  in  table  2.  We  feel  that  these  error  estimates  for 
the  Coulomb  approximalion  are  «iuile  conservative,  but  they 
should  only  be  upgraded  when  further  comparisons  confirm 
the  good  agreement  found  up  lo  now. 

6.  LS-coupling.  A  special  word  of  caution  is  in  order  on 
our  extended  use  of  LS-coupling  lo  obtain  individual  line 
./'-values  in  mullip.lels  (as  well  as  mulliplel ./'-values  in  transi¬ 
tion  arrays)  from  the  C.oulomb  approximalion  as  well  as 
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from  other  theoretical  treatments,  /.^'-coupling  should 
gradually  become  a  less-reliable  approximation  as  spectra 
become  mure  complex,  and,  on  the  other  hand,  as  the  stage 
of  ionization  increases.  The  increasing  presence  of  inter- 
combination  lines  in  the  third  row  atoms  is,  for  example,  a 
clear  indication  of  increased  spin-orbit  interact  ion. 

In  several  instances  fairlv  precise  experimental  data  on 
individual  lines  as  well  as  t.  uretical  values  calculated  in 
LS  and  intermediate  coupling  are  available.  In  cases  where 
intermediate  coupling  is  expected  to  prevail,  i.e.,  where 
the  differences  between  the  two  coupling  schemes  arc 
pronounced,  the  experimental  values  agree  indeed  much 
better  with  intermediate  coupling  theory  [24,  2.'>].  Of 
highest  practical  importance  is  the  fact  that  in  such  cases 
the  /-values  of  the  stronger  lines  in  multiplets  are  nut  nearly 
as  much  affected  as  the  weaker  lines  fur  which  the  differ¬ 
ences  between  the  coupling  schemes  become  then  very 
pronounced. 

For  this  critical  compilation  we  have  taken  the  risk  to 
break  down  very  many  multiplet  strengths  into  individual 
line  /-values  — since  these  are  needed  in  most  applications  — 
by  using  the  LS-coupling  scheme  when  no  other  data  were 
available.  This  has  been  done  since  the  scarce  experimental 
cjmparision  material  indicates  that  fur  most  of  the  spectra 
included  in  this  compilation  LS-cuupling  appears  to  be  a 
fair  approximation.  However,  on  the  basis  of  the  above 
mentioned  observation  that  the  stronger  lines  in  multiplets 
are  usually  much  less  affected  by  departures  from  LS- 
coupling  than  the  weaker  components,  we' have  differen¬ 
tiated  between  the  strung  and  weak  lines  in  multiplets  and 
lowered  our  accuracy  assignments  fur  the  weaker  lines. 
In  as  much  as  this  is  a  rather  gross  treatment  of  the  data, 
we  feel  that  many  accuracy  assignments  fur  individual  lines 
can  enly  be  regarded  as  provisional.  We  feel  also  that  ex¬ 
tended  intermediate  coupling  calculations  tor  many  (»f  the 
spectra  presented  are  urgently  needed  to  settle  the  ouestion 
uf  how  dr,i8lirally  drpanun-it  fnun  /^-coupling  aftit-rt  in¬ 
dividual  atomic  transition  probabilities. 

c.  Critical  Factiirs  for  Forbidden  Lines 

As  in  the  first  volume,  we  have  listed  as  foi  bidden  lines 
all  magnetic  dipole,  magnetic  quadrupolc  and  electric 
quadrupole  transitions,  that  is,  all  transitions  which  do  not 
fulfill  the  rigorous  selection  rules  for  electric  dipole  lines 
(thus,  ordinary  intercumbinatiun  lines  are  tabulated  under 
allowed  transitions).  Practically  all  material  on  forbidden 
lines  comes  from  calculations;  only  very  few  experimental 
data  are  available  as  yet.  Our  principal  sources  have  been 
the  extensive  calculations  by  Naqvi  [26]  as  well  as  the  work 
of  Malville  and  Berger  [27] ,  Carstang  [28, 29] ,  Froese  [30] . 
Pasternack  [31],  and  Czyzak  and  Krueger  [32,  .33].  These 
calculations  are  normally  based  on  the  general  experssions 
for  the  line  strengths  of  forbidden  lines  in  the  ground  state 
configuration,  which  were  for  the  /»*,  //’  and  /i*  configura¬ 
tions  given  algebraically  and  tabulated  by  Shortley  [.34] 
et  al.,  and  were  later  extended  by  Naqvi  [26]  to  the  few 
transitions  in  the  sp,  p,  and  p^  configurations. 

The  principal  differences  between  the  various  calculations 
are  the  ways  in  which  the  most  important  atomic  parameters 
are  chosen.  Since  the  latter  represent  the  m<ist  critical 
factors  affecting  the  results,  we  shall  discuss  the  choice  of 
these  parameters  now  in  detaih 

(a)  the  “spin-orbit,”  and  “spin-spin  and  spin-other-orhit” 

integrtdi,  Tnrsr  iturgralH,  usually  draiinuued  by  4  ^ 

have  been  determined  either  empirically  or  by  using  avail¬ 
able  wave  functions.  Oarstang  has  compared  the  empirical 


and  theoretical  values  for  some  ions  — the  latter  obtained 
from  SCF  functions  with  exchange  — and  has  found  differ¬ 
ences  of  up  to  20  percent  for  {  and  up  to  30  percent  for  tj. 
When  a  choice  is  available,  we  have  given  preference  to  the 
empirical  values. 

(b)  The  term  intervals.  Here  one  has  the  choice  between 
using  exclusively  experimental  energy  values  or  combining 
some  of  these  with  the  results  of  the  Slater  theory  [.3.3]  for 
intermultiplet  separations,  that  is,  by  employing  the  Slater 
parameters  Ft.  Differences  between  the  two  approaches 
arise  mainly  due  to  the  effects  of  configuration  interaction. 
These  are  neglected  in  all  calculations  and  may  cause  devia¬ 
tions  up  to  a  factor  of  two.  A  study  of  (iarstang  [.36]  in  19.36 
led  to  the  result  that  the  exclusive  use  of  observational 
material  partially  includes,  at  least  in  simple  cases,  tli'* 
effects  of  configuration  interaction,  when  the  latter  is  other¬ 
wise  not  taken  into  account.  Thus  the  work  based  on  experi¬ 
mental  term  intervals  bas  been  adopted  whenever  available. 

Naqvi  [26]  used  in  his  calculations  essentially  the  second 
of  the  above-mentioned  approaches.  He  compared  empiri¬ 
cally  determined  Slater  parameters  Fi  for  the  various  term 
intervals  with  theoretically  derived  values,  and  selected 
the  one  experimental  parameter  which  was  in  best  agree¬ 
ment  with  theory.  Then  he  employed  this  particular  F->  and 
the  Slater  theory  for  the  deterndnation  of  all  other  term 
intervals.  In  view  of  the  above-mentioned  study  by  (iar- 
stang  we  have  used  from  Nacivi's  work  normally  only  the 
transition  probabilities  based  entirely  on  this  parameter, 
i.e.,  based  exclusively  on  obscrvatic.nat  material.  Fur  ex¬ 
ample,  his  data  for  the  2p^  configuration  have  not  been  ap¬ 
plied  when  other  sources  have  been  available.  On  the  other 
hand,  Naqvi's  calculations  for  the  simpler  sp  configuration 
are  all  based  an  tbe  empirical  value  for  tbe  one  term  interval 
there  and  should,  therefore,  take  the  effects  of  configuration 
interaction  partially  into  account. 

(c)  Transformation  coefficients.  The  atoms  and  ions  under 
considetation  are  most  closely  represeirted  by  ibe  inter¬ 
mediate  coupling  scheme,  but  for  the  calculations  of  tran¬ 
sition  probabilities  the  actual  wave  functions  are  more 
conveniently  expressed  in  terms  of  Z-S-coupled  wave  func¬ 
tions.  The  transformation  coefficients  were  first  derived  by 
Shortley  et  al.  [.34] .  and  were  later  refined  by  several  others, 
in  |)articular  by  Na(ivi  [26].  Thus.  Naqvi's  results  have  been 
adopted  whenever  the  choice  of  the  transformation  co¬ 
efficients  became  important  and  when  he  accounted  for  the 
effects  of  configuration  interaction  in  the  above-mentioned 
manner.  It  is  especially  worth  noting  that  by  including  the 
effects  of  spin-spin  and  spin-uther-orbit  interactions  on  the 
transformation  coefficients  of  the  2p*  configuration,  some 
results  are  changed  by  about  10  percent. 

(d)  The  integral  s,  for  electric  quadrupole  trunsitions. 
This  depends  principally  on  the  quality  of  the  employed 
wave  functions.  We  have  preferred  calculations  with  S(1F 
wave  functions  t>ver  those  with  hydrogenic  functions  or 
screening  constants  and.  among  SCF  calculations,  we  have 
preferred  those  with  exchange  effects  included  over  those 
without  exchange.  The  improvement  with  SCF  wave  func¬ 
tions  against  ;he  former  is  estimated  to  be  of  the  order  of 
20  percent.  The  uncertainty  in  s,  should  generally  be  in  the 
neighborhood  of  20  percent. 

Some  useful  remarks  may  also  be  made  about  compari- 
the  vakviUkVed  fwTbwWeti  line  strtngtbs  "witb  ru  vin 
experimental  results.  At  the  time  when  o’lr  first  table  of 
transition  probabililus  was  ixuntilrU-d  i«  19^,  we  kww  wl 
only  one  reliable  comparison  due  to  the  fortunate  circum¬ 
stance  that  some  forbidden  |Ol|  lines  have  been  observed 
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in  the  aurora,  and  their  fonporal  variations  have  been 
measured.  In  the  meantime,  some  more  forbidden  lines  have 
been  observed  in  the  laboratory  and  some  rather  precise 
measurements  of  transition  probability  ratios  have  been 
achieved.  With  this  new  material,  several  instructive  and 
Fmportant  comparisons  are  possible,  especially  lor  .|0  Ij 
and  [S  l].  Laboratory  measurements  of  several  transition 
probability  ratios  of  forbidden  lines  have  been  made  in 
emission  by  McConkey  et  al.  [37],  LeBlanc  et  al.  [38], 
Liszka  and  NiewiMliuixan<iki  [-34],  and  Kviflr  and  Vr4urd 
[40]  for  [0 1]  and  by  McConkey  et  al.  [41]  for  [S  ij.  A  com- 

tarison  of  the  experimental  results  with  the  calculated  values 
32  ,  42]  and  our  recommeiided  “Lest”  values  is  given  in 
table  3.  The  agreement  is  consistent  with  the  error  estimates 
giv'^u  in  tin*  thcor<-(kaI  papers.  Other  rermt  experimenu 
on  [Pb]  by  Hubs  [43]  and  on  [I]  by  Husain  and  Wiesen- 
feld  [44]  are  also  consistent  with  the  theoretical  error 
estimates.  However,  since  only  rather  indirect  coniparisoiis 
can  be  undertaken  fur  these,  they  will  not  be  discussed 
here 


For  some  magnetic  dipole  transitions  the  line  strengths 
are,  near  LS-coupling,  essentially  given  by  the  numbers 
tabulated  in  table  4.  The  transition  probabilities  for  these 
lines  are  then  simply  obtained  from  the  relations  given  in 
the  conversion  table  at  the  end  of  this  general  introduction 
if  the  wavelength  of  the  line  is  known.  The  numbers  indi-^ 
cated  by  an  asterisk  in  table  4  are  exact  values,  while  all 
the  other  numbers  change  slightly  when  deviations  from 
LS-coupling  become  significant.  Naqvi  has  calculated— 
for  all  the  runfiguratiuiu  (.rcuuntered  lot  the  atoms  and  ions 
listed  in  our  table— the  spectra  at  which  the  changes  be¬ 
come  noticeable.  He  finds  that  significant  changes  occur 
only  for  the  2p*  and  2j/  configaratiuns.  His  resuhs  are 
graphically  presented  in  figures  2  and  3.  From  these  curves 
one  may  runveniently  obtain  the  line  strv’ngths  for  some  very 
highly  charged  ions  like  Cl  XIII.  These  we  have  not  listed, 
since  there  are  presently  no  energy  levels  and  therefore 
no  wavcleiigths  available,  so  that  the  transition  probabilities 
cannot  be  tabulated  as  yet. 


Table  3.  Transition  probability  ratios  for  some  forbidden  Hues  of  O  I  and  S  1 


CI  om  Mgm  SilZ  SZ  ArZl.  Coza  TiZSl 


F|(;1'RE  2.  Line  strengths  for  the  ^Pi— ■'’Pa  and  •''P.>— ”1 
magnetic  dipole  lines  of  the  2p-  configuration  within  th 
carbon  isoelectronic  sequence. 


I  Figure  3.  Line  strengths  for  the  ■'’Pi  — ’’Pu,  and  “Pj- ^Pi 
e  magnetic  dipole  lines  of  the  2p^  configuration  within  the 
oxygen  isoelectronic  sequence. 
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Table  4.  Line  strength  for  some  magnetic  dipole  lines  near 
LS-coupling 


Confixuraluin 

Line 

Sm(al.  u) 

junp* 

3pp_3pO 

2.00 

1  * 

2.50 

np 

Spo  Spo 

■  l/*“ 

••1.33 

np* 

2.00 

’P.-'P, 

2.50 

npf' 

an®  -*D® 

2,40 

Spo  spo 

‘  I/a  *  .1/s 

1.33 

np* 

“p.-'-'P,. 

2.00 

»p,-^p, 

2.50 

nii^ 

Spo  spo 

S/S  1/s 

••1.33 

•n-2.  .1  .... 

**  SlraiRhonumber. 


In  analogy  to  the  magnetic  dipole  lines  discussed  above, 
there  exist  also  among  electric  quadrupole  transitions  a 
number  of  cases  where  the  transition  probabilities  are 
essentially  independent  of  the  interaction  parameters  and 
depend  critically  only  on  the  quadrupole  integral  Sq.  These 
are  the  transitions  'So  —  'Dj,  — *Fi,  and  •"'Pa  —  ^Po  for  the 
and  p*  configurations  and  — 

— ^Pj’y.j,  for  the  p"  configuration. 

On  the  whole,  the  got-d  agreement  with  the  observations 
and  the  assessment  of  the  critical  factors  indicates  that  un¬ 
certainties  no  greater  than  25  to  50  percent  for  the  forbidden 
lines  have  to  be  generally  expected.  For  the  particular  mag¬ 
netic  dipole  transitions  tabulated  in  table  4  the  uncertainties 
should  be  much  smaller,  since  their  values  are  almost  in¬ 
dependent  of  the  choice  of  the  interaction  parameters,  and 
also  the  effects  of  configuration  interaction  and  deviations 
from  iLS-coupling  do  not  enter  sensitively  into  the  numbers. 
Thus  the  line  strengths,  especially  for  ions  of  lower  charge, 
are  essentially  exact  values.  But  the  respective  transition 
probabilities,  on  the  other  hand,  often  suffer  from  uncer¬ 
tainties  in  the  energy  level  data,  especially  for  the  higher 
ions.  It  is  for  this  reason  that  wc  have  generally  not  gone 
beyond  "B”  in  our  accuracy  ratings  for  these  transitions. 

Within  a  given  spectrum  the  electric  quadrupole  lines 
listed  above  should  ,be  the  best  available  ones  and  they 
have  been  estimated  to  be  accurate  within  25  percent,  while 
the  rest  of  the  quadrupole  transitions  should  be  accurate 
within  50  percent.  Electric  quadrupole  lines  have  been 
normally  rated  to  be  of  lower  accuracy  than  magnetic  dipole 
lines,  since  the  uncertainties  in  the  quadrupole  integral 
must  be  added  to  the  other  uncertainties  already  present 
for  the  magnetic  dipole  lines. 

3.  Exploitation  of  Systematic  Trends 

During  the  course  of  our  compilation  work  we  noticed 
certain  regularities  in  the  data  which  we  have  then  explored 
and  analysed  in  detail.  We  have  subsequently  detected  many 
additional  systematic  trends,  which  establish  now,  for  the 
first  time,  a  frame-work  of  reliable  /-values  tied  together  by 
this  regultv  behavior.  The  findings  and  conclusions  of  these 
regularity  studies  have  been  extensively  discussed  in  several 
recent  papers  to  which  we  refer  for  details  [4].  Therefore 
we  shall  give  here  only  a  summary  by  presenting  the  main 
systematic  trends  exhibited  in  the  data; 


a.  Dependence  of  fvalues  on  nuclear  charge  Z.  This  de¬ 
pendence  may  be  readily  derived  from  conventional  pertur¬ 
bation  theory,  with  the  result  that /may  be  represented  by 
a  power  senes  \n  Z~': 

/=  fio  + rtiZ" '  +  rt-iZ' - -f  ....  (1) 

where  the  first  term  f/o  is  a  hydrogenic /-value  [4],  which 
vanishes  for  all  transitions  which  do  not  involve  a  change  in 
the  principal  quantum  number.  The  earlier  mentioned 
nuclear  charge-expansion  method,  applied  by  Dalgarno  and 
co-workers  [15,  16,  17]  to  the  determination  of  /-values, 
makes  explicit  use  of  this  Z-dependence. 

b.  Systematic  trends  of  fvalues  within  spectral  series.  In 
the  comparatively  few  cases  where  we  have  numerical  ma¬ 
terial  for  at  least  several  members  of  a  spectral  series,  the 
/-values  decrease  rapidly  for  higher  series  members,  in  an 
analogous  fashion  as  for  hydrogen.  The  dependence  :)f/on 
the  principal  quantum  number  n.  or  the  effective  quantum 
number  n*.  is  always  a  smooth  one.  even  though  for  lower  n 
the  /-value  is  not  always  monotonically  decreasing.  F'or 
higher  n  the  /-values  gradually  tend  to  obey  the  hydro- 
genic  dependence /~ 

c.  Homologous  atoms.  The  third  principal  regularity  con¬ 
cerns  homologous  atoms,  i.e.,  atoms  with  the  same  outer 
electron  structure.  Here  we  have  found  that  for  certain 
analogous  groups  of  spectral  lines  the  /-values  remain  ap¬ 
proximately  constant  throughout  a  family  of  homologous 
atoms.  For  example,  the  resonance  lines  of  the  alkalies,  i.e., 
2s  — 2p  for  Li.  Zs  —  ^i>  for  Na.  4s  — 4/)  for  K  etc.  are  all  close 
to  unity.  This  behavior  is  readily  understoi>d  on  the  basis  of 
the  Wigner-Kirkwood  partial /-sum  rule.  If  it  is  assumed  that 
most  of  the  strength  of  a  spectral  series  is  concentrated  in 
its  leading  transition  or.  in  the  general  case,  its  transiti()n 
array  (for  example  3s-.3p  has  the  dominant  strength  in 
a  3s -np  series),  then  it  follows  that  for  this  dominant 
transition  array  the  mean  /-value  is  approximately  given 
by  the  number  obtained  from  the  partial /-sum  rule.  Further¬ 
more.  in  all  homologous  atoms  tlic  breakdown  of  the  total 
strength  of  the  transition  array  into  miiltiplets  and  individual 
lines  remains  the  same  as  long  as  the  coupling  scheme 
remains  constant.  It  follows  therefore  that  for  all  lines  of 
dominant  transition  arrays  in  homologous  atoms  the  /-values 
should  stay  approximately  constant. 

These  three  above-stated  regularities  have  been  proven 
to  be  extremely  useful  for  our  compilation  work.  i)rincipally 
in  the  following  two  respects: 

I.  We  were  able  to  check  many  data  for  their  degree  of 
fit  into  apparent  regularities  and  we  have  used  their 
deviations  or  their  fit  as  an  additional  guide  for  our 
accuracy  estimates. 

II.  W'e  could  in  a  number  of  cases  obtain  new/-values  by 
exploiting  either  the  dependence  of  /-values  on  nuclear 
charge  or  the  systematic  tr?nds  of  /values  within 
spectral  series.  Thus  for  a  number  of  highly  charged 
ions  and  for  higher  members  of  some  spectral  scries 
of  K  1.  where  no  other  data  were  available,  we  have 
simply  performed  grai)hical  mter|>olations  between 
existing  data  or  grai)hical  extrai>olations  (figs.  9-21). 

d.  Examples.  In  order  to  further  illustrate  the  usefulness 
of  the  regularities,  we  shall  give  now  a  few  exanqdes.  First, 
wc  shall  give  some  graphical  i)resentations  of  the  Z-dei>cnd- 
ence  of /-values: 

(1)  The  Mg-se(|uence  transition  .3.s- '.S  —  3.v3p '}’°  (res<i- 
nance  line).  The  adopted  data,  with  the  excei>tioii  of  the  (loint 
for  Mgt.  are  from  purely  theoretical  sources  and  fall  ((uilc 
smoothly  into  the  expected  Z-dei)endence  as  seen  in  figure  4. 
It  is  seen  that  the  data  of  (Irossicy  and  Dalgarno  [17].  oh- 
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Fi(;iire  4.  {-value  versus  1/Z  for  the  My^•sequence  transition 
3si  'S-3s3p  'P". 

tained  by  the  nuclear  charjie-expansion  method,  are  appar- 
enlly  very  adequate  for  the  lii}iher  ions  (we  use  them  for 
t  M  VI,  Ar  VI!  and  K  vill)  but  deviate  for  the  lower  ions  increas- 
injily  from  the  values  obtained  from  more  advanced  theo¬ 
retical  methods  (9,  11,  13,  14|,  as  well  as  from  the  accurate 
lifetime  experiments  of  Lurio  [18],  and  Smith  and  (lalla^her 
[19]  for  Mjil.  In  order  to  illustrate  the  size  of  our  error  esti¬ 
mate.  we  have  shaded  in  figure  4  the  area  covered  by  the 
adopted  uncertainty  of  10  percent. 

(2)  As  two  other  examples  we  present  the  Be-sequence 
multiplets  'F“— 'S  and  ■•P®— 'P  df  the  252p  — 2p*  array  (figs. 
5  and  6).  For  the  highly  cliarged  ions  Na  Vlii,  Mg  IX.  A1  X  and 
Si  XI,  which  are  part  of  this  compilation,  we  could  employ 
the  results  of  charge-expansion  calculations  by  Cohen  and 
Dalgarno  [1.5]  for  the  triplet  as  well  as  the  singlet.  These 
calculations  include  a  limited  treatment  of  configuration 
interaction.  In  the  case  <4  the  triplet  the  results  tie  in  very 
well  with  the  best  available  data  for  the  lower  ions  as  is  seen 
in  figure  .3.  The  other  data  are  the  Hartree-Ft)ck  calculations 
by  Weiss  (see  ref.  (Ij).  calculations  based  on  hydrogen-like 
wave  functions  hy  Veselov  [45],  and  lifetime  experiments  by 
Lawrence  and  Savage  [46]  and  Heniux  [47].  We  have  there¬ 
fore.  guided  ill  part  by  this  good  agreement,  assigned  the 
conservatively  estimiited  uncertainties  of  2.3  percent  to  the 
ivsults  of  the  charge-expansion  calculations  for  those  higher 
ions  which  are  relevant  for  this  compilation. 

For  the  singlet  2.s2/> 'P°  — 2/>* 'S  we  encounter,  however, 
the  very  different  situation  given  in  figure  6.  Here  the  charge- 
expansion  calculations  of  (iohen  and  Dalgarno  |15|,  used 
again  for  the  ions  NaVIII  through  Si  XI,  do  not  tie  in  at  all 
with  Weiss'  calculations  (see  ref  jlj)  for  the  lower  ions  and 
the  neutral  Be  atom.  Furthermore,  the  appearance  of  theZ- 
depeiideiice  curve  has  taken  on  a  different  shape.  At  first 


Figure  5.  {-value  versus  1/Z  for  the  Be-sequence  transition 
2s2p  »P°-2p*  3P. 


Figure  6.  {-value  versus  \IZ  for  the  Be-sequence  transition 
2s2p  'P°-2p-'  'S. 


sight  it  is  surprising  that  a  triplet  and  singlet  of  the  same 
transition  array  show  such  a  different  behavior,  but  on  closer 
inspection  the  reason  for  this  is  somewhat  apparent;  While 
the  upper  state  of  the  singlet  transition,  2/r*  'S,  may  strongly 
interact  with  the  ground  state  2s‘“  'S,  there  is,  in  the  case  of 
the  triplet,  2//-  ''P,  no  other  '’P  state  which  could  be  formed 
by  two  electrons  in  the  n  =  2  shell.  Thus  while  the  'S  state 
may  be  a  strong  mixture  of  the  2s*  and  2p*  configurations,  as 
well  as  possibly  significant  interactions  from  other  config¬ 
urations.  no  such  stro.ng  possibility  of  configuration  inter¬ 
action  exists  for  the  ’’P  state  within  the  n  =  2  shell.  The  points 
for  the  lower  stages  of  ionization  in  figure  6  are  therefore  at 
present  rather  uncertain  since  both  Weiss’  and  Cohen  and 
Dalgarno's  calculations  include  only  limited  configuration 
mixing.  A  more  elaborate  treatment  is  necessary  since, 
in  neutral  Be  and  the  lower  ions,  the  2p*  'S  level  is  em¬ 
bedded  in  the  2sns  'S  series.  But  higher  stages  of  ioniza¬ 
tion  this  level  separates  from  the  series,  so  that  Cohen 
and  Dalgarno's  data  should  gradually  become  rather  accu¬ 
rate  for  high  values  of  Z.  But  since  it  is  not  clear  at  what 
point  this  occurs,  we  have  lowered  our  accuracy  estimates 
for  these  singlet  transitions  in  the  ions  Na  VIII  through  Si  XI 
for  the  time  being  to  "E",  i.e.,  we  do  not  rule  out  uncertain¬ 
ties  as  large  or  larger  than  50  percent. 
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Table  5.  Comparison  of  mulUplet  {-values  for  homologous  atoms  in  the  dominant  s  — p  transition 

arrays*— Continued 


Transitiim 

/•value 

Uneer- 

/•value 

Uncer- 

/•value  Uncer- 

tainty 

tainty 

tainty 

Lithium  (n 

=  2) 

Sudium  (n 

=  3) 

Potassium  (n  =  4) 

ns  —  nf) 

lS-3p« 

0.753 

3% 

0.982 

3% 

1.02  10% 

(n+  1)3  —  (n+  1 )/) 

iS-jp" 

1.23 

10% 

1.35 

25% 

1.5  50% 

Beryllium  (n  =  2) 

Mannesiuni  (n  =  3) 

Calcium  (n=4) 

nj(n+  1)3  — n3(n+  l);i 

as 

1.13 

25% 

1.41 

25% 

1.35  >50%*** 

iS-tp« 

1.15 

25% 

1.24 

25% 

1.24  >50%*** 

'Tlif  daU  are  rilhrr  llie  adii|i|fd  valur«  «if  ihi*  t  timplalion  or  taken  fr«nn  «»ut  eariirr  Viil.  ]  (I).  The  numbera  are  ael  in  iialira  when  experimental  data 

are  involved, 

**PaHchen  notalitin, 

*'**()btained  fnim  the  (Inulomb  appnix.malion.  These  data  are  considered  quite  uruerlain  and  are  therefore  not  Haled  in  the  tabulation. 
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Table  6.  Comparison  of  multiplet  {-values  for  homolgous  atoms  in  the  dominant  p— d  transition 

arrays* 


Transition 

/•value 

Uncer¬ 

tainty 

/-value 

Uncer¬ 

tainty 

Boron  {n  = 

2) 

Aluminum  (n  =  3) 

(«-l-l);)—  (n-(-l)</ 

ip_iD« 

0.90 

25% 

0.71 

25% 

Carbon  (n 

=  2) 

Silicon  (n  = 

■3) 

npln-f  l)/<—  «/)(«+ l)d 

tp-ipo 

0.63 

25% 

0.48 

50% 

•’D— 

0.70 

25% 

0.32 

50% 

tp«tp« 

0.26 

25% 

0.00021 

>50% 

Nitmiten  (n 

1  =  2) 

Phosphorus  (n  =  3) 

n;)’(n  +  1  );j  — n;)’(r  H-  l)r/ 

Jgo-ip 

0.945 

10% 

0.30 

50% 

Oxyiien  (n 

=  2) 

Sulfur  (n  = 

3) 

ri;/'(n+  1  );<-«/)■'(«  +  1  )<l 

sp-.iD" 

0.90 

25% 

0.22 

50% 

.ip-apo 

0.75 

25% 

0.059 

>50% 

*Tlti*  itata  are  either  the  a  iopted  “best**  values  of  this 
t^re  i'lvoived. 


<H  iiipiiutiop  «>r  taken  from  «mr  earlier  \  ol.  I  (t).  The  pumbera  are  ael  in  ilaiica  when  exierimental  data 


Table  7.  Comparison  of  {-values  for  some  prominent  transitions  of  S  I 


Transititin 

array 

Multiplet 

Couliiinh 
approximation  [3| 

Miller  |25) 

Foster  |48| 

Bridpes  and 
Wiese  [24] 

Reitularities  in 
homologous 
atoms 

4s  — 4/1 

aS«_sp 

l.Oi 

1.5, 

1.1 

3S«-:tp 

1.0, 

1.4, 

1.1 

43-.3;< 

»S«-3P 

(*) 

0.U057., 

0.0057, 

0.010, 

as^  — 'Ip 

(•) 

0.0041, 

0.004.% 

0.0067, 

4/)  —  4(/ 

•'"p-'D” 

0.23,, 

0.30, 

4/)- .3(/ 

'P~3D° 

0.084i 

0.068,, 

! 

— 

0.12;, 

— 

‘.•severe  eanerllrlHtn  ia  eneountered. 


It  should  be  noted  that  for  all  chosen  examples  further 
/-values  for  the  still  hitther  ions  like  F  XII,  S  XIII,  Cl  XIV  etc. 
may  be  immediatel)  read  off  the  figures.  However,  we  have 
not  employed  this  particular  material  in  our  present  compila¬ 
tion  since  no  energy  levels  and  wave  lengths  are  available 
as  yet,  so  that  the /values  cannot  be  converted  to  transition 
probabilities  and  line  strengths.  But  in  other  cases  where 
energy  level  data  exist,  we  have  exploited  the  apparent 
Z-dependence  of  /-values  to  obtain  data  for  higher  ions 
simply  by  graphical  extrapolation.  For  all  these  cases  we 
present  at  the  end  of  this  general  introduction  the  relevant 
Z-dependence  graphs  which  contain  the  individual  data 
points  for  the  lower  ions  (figs.  10-21). 

The  second  regularity  mentioned  above  was  the  systematic 
variation  of  /-values  within  spectral  series.  Extensive  data 
for  this  type  oi  regularity  arc  available  for  several  spectral 
series  of  iNai,  Mgll,  Kl,  and  Can.  A  smooth  variation  of 
/-value  with  effective  principal  quantum  nutrSer  n*  is  ob¬ 
served  in  many  cases  and  speaks  for  the  accuracy  of  the 
data.  However,  the  /-values  do  not  always  decrease  mono- 
tonically  with  increasing  principal  quantum  number.  Three 
examples,  for  Kl,  two  with  a  monotonic  decrease  and  one 
which  shows  an  anomalous  behavior,  are  given  graphically 
in  figures  7,  8  and  9  at  the  end  of  this  general  introduction 
(these  graphs  have  been  also  utilized  fur  obtaining  extrapo¬ 
lated  data).  The  anomalous  behavior  has  been  up  to  now  only 
observed  among  the  very  first  members  of  a  spectral  series. 

The  third  regularity  concerns  homologous  atoms.  To  illus¬ 
trate  this  regularity,  we  have  compared  whenever  possible 
the  multiplet  /-values  of  the  leading  transition  arrays  fur 
s—p  and  p  —  d  transitions  for  second  and  third  row  atoms 
as  well  as  for  K  and  Ca.  The  results,  compiled  in  tables  5  and 
6,  are  quite  interesting.  First,  one  observes  that  fur  prac¬ 
tically  all  s—p  transitions  the  /-values  increase  slightly  from 
the  second  row  atoms  to  the  corresponding  third  row  atoms. 
For  the  two  available  cases  which  also  contain  fourth  row 
atoms,  namely  the  combinations,  Li,  Na,  and  K  as  well  as 
Be,  Mg,  and  Ca,  no  further  increase  in  the  /-value  is  noted 
between  the  third  and  fourth  row  atoms.  But.  as  already 
mentioned,  these  increases  are  very  small,  so  that  within  the 
approximate  range  of  the  partial /sum  rule  prediction  the 
/-values  may  he  regarded  as  behaving  according  to  this 
prediction,  i.e..  tl  ey  remain  essentially  constant. 

For  most  p  —  d  iransitions  on  the  other  hand,  this  con¬ 
stancy  of  the  /-value  is  not  preserved.  In  most  comparisons 
the  respective  /-values  for  the  third  row  atoms  decrease 
drastically.  In  at  least  two  examples  (Si I  'P— 'F",  and 
S  I  •'P  — ■•D")  this  is  definitely  due  to  significant  cancellation 
in  the  transition  integral.  It  is  suspected  that  such  an  inter¬ 
ference  effect  is  playing  a  significant  role  throughout  all 
third  row  atoms  for  these  particular  transitions.  Any  cancel¬ 
lation  effects  are  of  course  not  cemsidered  in  the  partial 
/-sum  rule  application  so  that  this  would  account  for  the 
apparent  violation. 

The  regularities  in  the  /-values  of  homologous  atoms 
have  sometimes  influenced  our  choices  of  absolute  scales. 
We  discuss  as  an  example  the  case  of  S  I.  In  this  instance 
we  could  have  chosen  the  absolute  scale  for  the  prominent 
transitions  in  the  visible  and  near  infrared  either  from  the 
Coulomb  approximation  |3|.  or  from  the  shock-tube  work  by 
Miller  [25],  or  from  the  arc  experiments  by  F'oster  [48],  and 
Bridges  and  Wiese  [24].  The  comparison  of  the  data  in  table  7 
shows  a  pronounced  spread  in  the  absolute  values  by  about  a 
factor  of  two.  F’or  the  case  of  the  \s  —  \p  transitions  we  may 
also  obtain  an  absolute  scale  by  extrapolating  from  (he  rather 
accurate  data  for  the  homologous  3s  — 3/t  transitions  of 
O  I,  taking  account  of  the  fact  that  for  all  45  — 4/>  transitions 
the  /-values  increase  slightly  against  the  corresponding 


35  —  3/1  lines  (see  table  5).  This  scale  is  also  listed  in  the 
comparison  table  7. 

After  subjecting  as  usual  all  methods  to  an  extensive 
analysis  we  arrived  at  our  final  choice  mainly  by  considering 
the  following  facts;  (a)  the  reliability  of  the  Coulomb  approxi¬ 
mation  for  the  45  —  4/1  transitions  of  third  row  elements  is 
quite  good,  e.g.,  in  the  cases  of  An  and  Aril  the  deviations 
against  the  most  accurate  methods  are  within  25  percent  or 
less  (table  1);  (b)  the  point  at  which  arc  and  shock-tube 
results  overlap  almost  coincides  with  the  scale  obtained 
from  the  Coulomb  approximation;  (c)  the  absolute  scales 
in  the  arc  and  shock-tube  experiments  are  much  more  uncer¬ 
tain  than  the  relative  numbers  obtained  from  these  experi- 
nrents  and  do  not  rule  out  the  scale  obtained  from  the 
Coulomb  approximation;  (d)  the  almost  constant  factor 
between  the  arc  results  of  Bridges  and  Wiese  and  the 
Coulomb-approximation  results  may  be  readily  explained  on 
account  of  large  uncertainties  present  in  the  absolute  experi¬ 
mental  scale,  but  would  be  very  difficult  to  interpret  due  to 
uncertainties  in  the  theory,  since  several  different  transition 
arrays  are  involved  for  which  the  transition  integrals  are 
independently  obtained;  (e)  last  but  not  least  the  /values 
predicted  from  the  regularities  from  homologous  atoms  sup¬ 
port  strongly  the  scale  obtained  from  the  Coulomb  approxi¬ 
mation. 

We  have  therefore  chosen  the  scale  of  the  Coulomb 
approximation  as  the  best  available  one  and  assigned  accu¬ 
racy  ratings  of  50  percent  to  the  individual  (absolute)  vabies. 

4.  Classification  of  Uncertainties 

Before  leaving  the  subject  of  the  review  of  the  data  sources 
and  our  method  of  evaluation,  we  want  to  make  some  re¬ 
marks  about  our  final  error  estimates.  (But  the  mechanics 
of  the  evaluation  process  has  been  explained  in  the  introduc¬ 
tion  to  Volume  I  [1]  and  will  therefore  not  be  repeated.)  In 
particular,  we  would  like  to  emphasize  that  at  the  present 
stage  of  our  knowledge  we  find  it  impossible  to  assign  indi¬ 
vidual  error  limits  to  each  critically  evaluated  number.  We 
therefore  again  stick  to  our  earlier  devised  classification 
scheme,  in  which  /-values  are  divided  into  several  levels  of 
accuracy  which  differ  by  steps  of  about  factors  of  three. 
We  use  again  the  following  arbitrary  notation; 

AA . for  uncertainties  within .  1% 

A . do .  3% 

B . do .  10% 

C . do .  25% 

D . do .  50% 

E . for  uncertainties  larger  than .  50% 

Tile  word  uncertainly  is  used  with  the  meaning  “exiciit  of 
possible  error  "  or  “possible  deviation  from  the  true  vaiiie”. 
We  have  included  data  of  class  “E”,  that  is.  very  uncertain 
values,  only  in  special  cases.  For  example,  we  have  used 
them  when,  for  the  most  important  and  most  characteristic 
lines  of  a  spectrum,  no  belter  data  were  available,  so  that 
otherwise  these  important  lines  would  have  to  be  omitted. 
Also,  we  have  retained  class  “E’’/-values  to  keep  multiplets 
complete.  We  have  often  made  a  further  differentiation  in  the 
classification  scheme  by  assigning  plus  or  minus  signs  to 
some  transitions,  which  serves  to  indicate  that  these  lines 
are  estimated  to  be  significantly  better  or  worse  than  tin- 
average  values  of  this  class.  These  should  he  therefore  tin- 
first  or  last  choice  among  similar  lines. 

To  sum  up.  in  our  error  estimates  we  were  principally 
guided  by  the  main  four  guide-posts  stated  earlier:  first, 
by  the  estimates  of  the  individual  authors:  second,  by 
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the  jteneral  agreement  of  the  data  with  other  material;  third, 
by  the  author’s  consideration  of  the  critical  factors  enterinit 
into  the  method;  and  fourth,  when  applicable,  by  the  deitree 
of  fit  of  the  data  into  the  apparent  systematic  trends. 

The  final  selections  of  the  data  depend  so  much  on  the 
particular  material  that  the  major  justifications  are  given  in 
the  individual  introductions  for  each  spectrum. 

D.  GENERAL  ARRANGEMENT  OF  THE 
TABLES 

We  have  continued  to  use  the  same  general  arrangement 
which  we  have  adopted  in  Volume  I,  since  wf  have  received 
n)any  positive  comments  on  it.  In  a  few  special  cases  we 
have  adapted  our  arrangement  to  meet  the  particular  situa¬ 
tion  existing  in  some  spectra.  Thus,  fur  example,  for  An 
we  have  presented,  in  addition  to  the  ^/-coupling  notation, 
the  Paschen  notation,  since  it  is  widely  used. 

The  wavelength  and  energy  level  data  have  usually  been 
obtained  from  the  standard  spectroscopic  sources,  such  as 
•he  tabulations  of  Mrs.  Moore-Sitterly  [5,  6,  7,  49).  In  quite 
a  number  of  cases  she  has  generously  furnished  us  with 
newer  material  from  her  vast  literature  files.  Thus,  for 
several  forbidden  lines  our  listed  transition  probabilities 
differ  from  the  author's  original  values,  since  we  use  newer 
energy  level  data. 

Fi)r  a  number  of  lines  we  had  to  calculate  wavelengtiis 
from  energy  'evel  diffrn-nres.  The«’  are  given  in  square 
brackets  to  distinguish  them  from  the  presumably  more 
accurate  observed  material. 

E.  FUTURE  PLANS  AND 
ACKNOWLEDGMENTS 

We  intend  to  extend  this  critical  compilation  in  the  near 
future  to  selected  heavier  elements.  The  most  likely  targets 
will  be  the  heavier  alkalis  and  alkaline  earths,  and  the 
elements  of  the  iron  group. 

It  is  a  pleasure  to  acknowledge  the  help  and  cooperation 
of  many  workers  in  this  field.  In  particular  we  would  like 
to  express  our  sincere  appreciation  to  all  those  who  have 
contributed  by  sending  us  preprints  or  as  yet  unpublished 
material. 

We  also  express  our  deep  gratitude  to  Paul  Voigt  who 
assisted  us  very  effectively  in  the  early  stages  of  this  com¬ 
pilation.  We  would  finally  like  to  thank  severd  colleagues 
at  other  institutions  as  well  as  at  NBS,  who  upon  our  urging 
carried  out  special  calculations  or  experiments  to  eliminate 
some  of  the  most  glaring  defects  in  the  data.  We  would  like 
to  mention  especially  the  intermediate  coupling  calcula¬ 
tions  of  R.  Cowan  and  P.  Murphy  on  Ar  i;  the  “superposition 
of  configuration”  calculations  of  A.  Weiss  on  Mgi,  All, 
Alli,  and  Sin  and  III;  the  arc  measurements  of  J.  Richter 
and  J.  M.  Bridges  for  An,  and  J,  B.  Shumaker,  Jr.  for  Aril; 
and  the  lifetime  measurements  of  J.  Z.  Klose  for  Arl. 
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KEY  TO  ABBREVIATIONS  AND  SYM¬ 
BOLS  USED  IN  THE  TABLES 

1.  Symbols  for  indication  of  accuracy: 


AA . uncertainties  v/ithin  I'/c 

A . uncertainties  withi'i  3% 

B . uncertainties  within  10% 

C . uncertainties  within  25% 

D . uncertainties  within  50% 

E . uncertainties  larger  than  50%. 


2.  Abbreviations  appearing  in  the  source  column  of 
allowed  transitions: 

/s  =  LS-coupling 

ca  =  Coulomb  approximation 

n  =  normalized  to  a  different  scale 

interp.  =  data  interpolated  from  regularities 

extrap.  =  data  extrapolated  from  regularities. 

3.  Types  of  forbidden  lines: 
e  —  electric  quadruple  line 
m—  magnetic  dipole  line 

m.q.  —  magnetic  quadrupole  line. 

(I'he  total  transition  probability  is  obtained  by  adding  the 
individual  transition  probabilities  due  to  each  type  of  radia¬ 
tion,  provided  there  are  no  significant  magnetic  fields 
present,  i.e.,  provided  one  may  average  over  the  magnetic 
quantum  numbers  /n«.} 

4.  Special  symbols  used  in  the  wavelength  and  energy 
level  columns: 

Number  in  parenthesis  under  multiplet  notation  refers  to 
running  number  of  ref.  [5]  (Revised  Multiplet  Table).  If 
letters  “uv”  are  added,  we  refer  to  running  number  of 
ref.  [6]  (Ultraviolet  Multiplet  Table).  If  letters  “UV”  precede 
the  number,  we  refer  to  ref.  (7](Si  I,  II,  III,  IV  Multiplet  Tables 
and  Energy  Levels). 

Numbers  in  italics  indicate  multiplet  values,  i.e.,  weighted 
averages  of  line  values. 

Numbers  in  square  brackets  indicate  approximate 
calculated  or  extrapolated  values. 

USEFUL  RELATIONS 

(A)  Statistical  Weights: 

The  statistical  weights  are  related  to  the  inner  quantum 
number  Ji.  (in  one-electron  spectra  j)  of  a  level  (initial  and 


final  states  of  a  line)  by 

fii.  =  27/,  + 1 , 

and  to  the  quantum  numbers  of  a  term  (initial  and  final 
states  of  a  multiplet)  by 

g.„  =  (2L+l)(2S  +  l). 

(The  “multiplet”  values  may  also  be  obtained  by  summing 
over  all  possible  “line"  values  g/,.  S  is  the  resultant  spin.) 

(B)  Relations  between  the  strengths  of  lines  and  the  total 
multiplet  strength: 

1.  Line  strength  S; 

S(i,  A)  =  ^,S(7i.  7*) 

Jt.  Jk 

or  S(Multiplet)  =  2)  5'(liiie) 

(A  denotes  the  upper  and  i  the  lower  term). 

2.  Absorption  oscillator  strength: 

=f~v/o/^it  1  <27/  + 1 ) X  X(7,.  7*-) X /(7/.  7*0 

«//t^  (^7/1  1)  j^.j, 

Ji 


The  mean  wavelength  for  the  multiplet  X/..  may  be  obtained 
from  the  weighted  energy  levels.  Usually  the  wavelength 
differences  for  the  lines  within  a  multiplet  are  very  small, 
so  that  the  wavelength  factors  may  be  neglected. 

3.  Transition  probabilities 

^g.,«u.p.e.=  \  — -  2  (27*+l)xX(7,,7*0’x/f(7*.,7/) 

(A//t)®2<  (27*  + 1),;,.;. 

Jk 

Relative  strengths  S (7/.  7*0  of  the  components  of  a  multiplet 
are  listed  for  the  case  of  L5-coupling  in  Allen,  C.  W.,  “Astro- 
physical  Quantities,”  2d  ed.  (The  Athlone  Press,  London, 
1963);  White,  H.  E.  and  Eliason,  A.  Y.,  Phys.  Rev.  44,  753 
(1933);  Shore,  B.  W.  and  Menzel,  D.  H.  “Principles  of 
Atomic  Structure,”  p.  447  (John  Wiley  &  Sons,  Inc..  New 
York,  1968);  Goldberg,  L..  Astrophys.  J.  82,  1  (1935)  and 
84, 11  (1936). 


CONVERSION  FACTORS 

The  factor  in  each  box  converts  by  multiplication  the  quantity  above  it  into 
the  one  at  its  left. 


^kl 

fik 

S 

1 

6.670j  X  10>»  gi 

X*  gk 

Ed 

2.026,  X  10'« 

^*x» 

Eq 

1.6798X  10'* 

gk>^^ 

Md 

2.6972  X  10'» 
#r»X» 

fik 

1.4992  xlO-'«X^^ 
gi 

1 

Ed 

303.7s 

Eq 

251.8 

gi>^^ 

Md 

4.043*  X10-* 

«(X 

S 

Ed 

4.93^1  X  10-'V*X» 

Ed 

3.292,  X  10-»g,X 

1 

Eo 

5.953  X  10--«g*X'' 

Eq 

3.971  X  lO'V/^® 

Md 

3.707«x  lO-'V*^’ 

Md 

247.3«g,X 

The  line  strength  is  given  in  atomic  units,  which  are; 

For  electric  dipole  transitions  (allowed-denoted  by  Ed): 

a|k*=7.1875XlO-Wm2C' 

for  electric  quadrupole  transitions  (forbidden-denoled  by  Eq): 

aie*=  2.021*  X 

for  magnetic  dipole  transitions  (forbidden- denoted  by  Md): 

e^A-^/16tr*m^c*=i8.599X  10-«  pWb-^m*. 


The  transition  probability  is  in  units  sec'*,  and  the  /-value  is  dimensionless.  The  wavelength  X  is 
given  in  Angstrom  units,  and  and  gi,  are  the  statistical  weights  of  the  lower  and  upper  state, 
respectively.  For  the  atomic  constants  entering  into  the  relations,  we  have  used  the  latest  recom¬ 
mendations  of  the  National  Academy  of  Sciences  adopted  by  the  National  Bureau  of  Standards 
(NBS  Handbook  102  (1%7)). 
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Figure  7.  Systematic  trend  of  i-values  within  a  spectral  series. 
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Figure  10.  {-value  versus  1/Z  for  the  B-sequence  transition  2s^2p  *P°— 28*38  *S. 

The  complete  references  are  listed  in  the  introductions  for  each  of  the  spectra  involved. 
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Figure  12.  {-value  versus  \I2  for  the  Na-sequence  transition  3s  '•*S— 4p  ^P®. 

The  complete  references  are  listed  in  the  introductions  for  each  of  the  spectra  involved. 
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Figure  14.  {-value  versus  1/Z  for  the  fia-sequence  transition  3p  *P®— 4s 
The  ciimplcte  reference*  are  liated  in  the  iniroductinns  for  each  of  the  spectra  involved. 
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Fjgure  15.  {-value  versus  1/Z  for  the  Na-sequenee  transition  3d  -D— 4p  -1 

The  complete  references  are  listed  in  the  introductions  for  each  of  the  spectra  involved. 
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Figure  16.  {-value  versus  1/Z  for  the  Na-sequence  transition  3d  *D— 4f  *1 

The  complete  references  are  Itsted  in  the  introductions  for  each  of  the  spectra  involved. 
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■  Figure  18.  f-va/ii«  versus  1/Z  for  the  tiu-sequence  transition  3d  *D~6f  *F*. 

The  complete  references  ore  listed  in  the  introductions  for  each  of  the  spectra  inroWed. 
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Figure  20.  f -value  versus  1/Z  for  the  ^a-sequence  transition  4p  4d  *D. 

The  complete  references  are  listed  in  the  introductions  for  each  of  the  spectra  involved. 
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intr<Miurtion6  for  each  of  the  spectra  involved. 
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Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  (A) 

No. 

Wavelength  (A) 

2433.8 

16 

4545.19 

2436.6 

15 

4664.81 

2440.0 

14 

4668.56 

2444.2 

13 

4668.6 

2449.4 

12 

4747.94 

2455.9 

11 

4751.82 

2464.4 

10 

4978.54 

2475.5 

9 

4982.8 

24<)0.70 

8 

4982.81 

2512.1 

7 

5148.84 

2.543.8 

6 

5153.40 

2.593.9 

5 

.5682.63 

2680.4 

4 

5688.19 

2852.81 

3 

.5688.21 

2853.01 

3 

5889.95 

3302.37 

2 

5895.92 

3302.98 

2 

6154.23 

4192.9 

38 

6160.75 

4195.9 

38 

6632.1 

4198.0 

27 

6680.0 

4201.0 

27 

6743.1 

4212.9 

37 

6827.3 

4215.9 

37 

6944.0 

4220.2 

26 

7113.0 

4223.2 

26 

7373.3 

4238.99 

36 

7810.0 

4242.08 

36 

8183.26 

4242.1 

36 

8194.79 

4249.41 

25 

8194.82 

42,52.52 

25 

8650.3 

4273.64 

35 

8796 

4276.79 

35 

8942.96 

4276.8 

35 

9153.88 

4287.84 

24 

9465.94 

4291.01 

24 

9492.3 

4321.40 

34 

9497.7 

4324.6 

34 

9518.5 

4324.62 

34 

9523.9 

4341.49 

23 

9595.2 

4344.74 

23 

9600.8 

4390.03 

33 

9633.1 

4393.3 

33 

9638.7 

4393.34 

33 

9731.6 

4419.89 

22 

9737.3 

4423.25 

22 

9785.9 

4494.18 

32 

9791.6 

4497.66 

32 

9916.0 

4497.7 

32 

9921.9 

4541.63 

21 

9961.28 

No. 


21 

31 

31 

31 

20 

20 

30 

30 

30 

19 

19 

29 

29 

29 

1 

1 

18 

18 

58 

57 

.56 

55 

.54 

53 

52 

51 

28 

28 

28 

50 

47 

46 

45 

44 

77 

77 

67 

67 

76 

76 

66 

66 

75 

75 

65 

65 

74 

74 

43 


Wavelength  (A) 

No. 

9990.3 

64 

99%.3 

64 

10176 

73 

10183 

73 

10290 

63 

102% 

63 

10566.0 

72 

10572 

72 

10572.3 

72 

10741 

62 

10746.4 

49 

10747 

62 

10749.3 

49 

10834.9 

42 

li  190.2 

71 

11197 

71 

11197.2 

71 

11381.5 

17 

11403.8 

17 

11490 

61 

11498 

61 

12311.5 

70 

12320.0 

70 

12679.2 

41 

12695 

86 

12771 

85 

12867 

84 

12907.9 

60 

12917.3 

60 

12984 

83 

13132 

82 

13321 

81 

13574 

80 

13920 

79 

14414 

78 

14767.5 

69 

14779.7 

69 

14780 

69 

16373.9 

59 

16388.9 

59 

18465.3 

40 

22056.4 

48 

22083.7 

48 

23348.4 

68 

23379 

68 

23379.1 

68 

90880 

39 

91380 

39 

Numerous  determinations  of  the  oscillator  strengths  for  the  famous  tf-liiies  of  the  3s— 3p  doub¬ 
let  are  available.  It  is  surprising  to  find  that  even  among  the  fairly  recent  values,  differences  of  up 
to  30  percent  exist  (e.g..  compare  the  multiplet  oscillator  strength  value  of  1.24  obtained  from  an 
anomalous  dispersion  method  by  Kvater  [I]  with  a  value  of  0.%  obtained  from  a  lifetime  measure¬ 
ment  by  Kibble,  et.  al.  [2]).  The  adopted  value  for  the  doublet  is  the  average  of  the  supposedly 
most  refined  versions  of  precise  experimental  and  theoretical  methods.  Speeificallv  it  includes 
the  results  of  a  self-consistent  field  calculation  including  polarization  effects  by  Biermann  and 
Lubeek  [3].  a  central  field  approximation  by  I’rokofev  [4],  a  magnetic  rotation  experiment  by 
Stephenson  [.S].  lifetime  determinations  with  the  pha.se-shift  techni(]ue  by  (aiimingliaiii  and 
Link  [6],  with  the  delayed  coincidence  method  of  Kibble,  et.  al.  [2],  and  with  the  Har.le-effeet 
method  by  Baylis  [8].  .An  uncertainty  of  less  than  3  |K*ri'ent  for  the  averaged  value  is  indicated 
by  the  good  agreement  among  the  various  selei'ted  results. 

Values  for  the  .^5  —  4/1.  Ih—np.  .3^— 6/>,  .3/;— 4.<  and  4s  — 4/)  transitions  are  taken  solely  from 
the  calculations  of  Prokofev  [4].  which  arc  *-onsidered  more  advanced  than  any  of  the  other 
available  approaches.  (It  should  he  noted  that  differeiiees  between  the  various  methods  are  usually 
only  of  the  order  of  a  few  percent.)  For  the  transitions  —  where  n  runs  from  7  to  18,  the  scnii- 
empirical  calculations  of  Andeison  and  Zilitis  [*>].  and  the  relative  anomalous  dispersion  measure¬ 
ments  of  Filippov  and  Prokof  ev  [10]  are  available.  When  multiplied  by  a  fai-tor  of  0.01.34.  the  values 
of  Filippov  and  Prokof  ev  are  found  to  agree  with  those  of  Anderson  and  Zilitis  to  within  l.S  peri-ent: 
therefore,  an  average  of  the  normalized  values  of  Filip|M>v  and  Prokofev  and  the  results  of  Anderson 
and  Zilitis  is  taken  for  the  above  transitions.  The  lifetime  measurement  of  tht‘  4</  level  by  Karsteiisen 
and  Schramm  [7]  has  been  applied  to  the  transitions  3/>— 4</  and  -t/i  — 4</.  together  with  the  above- 
quoted  calculations  by  Prokof  ev  [4]  and  .Anderson  and  Zilitis  ['>].  Kxperinient  and  theory  (i.c.. 
the  sum  of  the  calculated  transition  probabilities)  agree  within  6  percent.  The  briiiching  ratios 
are  based  solely  on  the  calculated  results. 

F'or  all  other  transitions,  the  only  available  sourees  are  the  (ioulomb  approximation  and  the 
semi-empirical  calculations  of  Ander.son  and  Zilitis.  Agreement  between  the  two  methods  is  good 
in  general;  however,  the  semi-empirical  method  of  Anderson  and  Zilitis  is  considered  more 
refined  and  their  values  are  used  in  all  cases.  For  the  Sp—bs.  .3/;  — 4(/  and  .3/<  — .3</  traiisitions.  addi¬ 
tional  results  are  available  from  self-consistent  field  calculations  by  Chapman,  et.  al.  [11].  These 
agree  within  a  few  (lercent  with  the  adopted  values. 
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4392.3 

16968 

39729 

6 

10 

0.0097 

0.00406 

0.404 

-1..55 

c 

(17) 

4393.34 

16973 

39729 

4 

6 

0.00'97 

0.00419 

0.242 

-1.78 

c 

4390.03 

16956 

39729 

2 

4 

0.0081 

:).00466 

0.135 

-  2.031 

c 

[4393.3] 

16973 

39729 

4 

4 

O.OOlOl 

4.66x10  * 

0.0270 

-2.73 

c 

/ 

34 

3p-9d 

>P°-‘D 

4.323.5 

16968 

40090 

6 

10 

0.0066 

0.00307 

0.262 

-1.73 

c 

4324.62 

16973 

40090 

4 

6 

0.0066 

0.00276 

0.157 

-1.96 

c 

/ 

4321.40 

16956 

40090 

2 

4 

0.0055 

0,00307 

0.087 

-2.212 

c 

/ 

[4324.6] 

16973 

40090 

4 

4 

0.00109 

3.07  X  10  * 

0.0175 

-2.91 

c 

/ 

Is 

') 

Is 

Is 

9 


4 


Nal.  Allowed  Transitions— Continued 


1 

Transitiun 

Array 

Multiple! 

x(A) 

£((cm'') 

7 

E 

Kt 

Kk 

d«(10» 

sec"') 

.  1 

j  /(* 

S(at.u.) 

^oggf 

m 

35 

3p-\0d 

«r-»D 

4275.8 

16968 

40349 

6 

10 

0.00468 

0.00214 

0.181 

-1.89 

c 

9 

4276.79 

16973 

4a349 

4 

6 

0.00469 

0.00193 

0.109 

-2.112 

c 

I 

4273.64 

16956 

40349 

2 

4 

0.00391 

0.00214 

0.060 

-2.369 

c 

Is 

14276.8] 

16973 

40349 

4 

4 

7.8XlO-< 

2.14X10-^ 

0.0121 

-3.068 

c 

Is 

36 

3p-  lid 

‘P”-  *D 

4241.1 

16968 

40540 

6 

10 

0.00347 

0.00156 

0.131 

-2.029 

c 

9 

4242.08 

16973 

40540 

4 

6 

0.08346 

0.00140 

0.078 

-2.252 

c 

is 

4238.99 

16956 

4a540 

2 

4 

0.00290 

0.00156 

0.0435 

-2.51 

c 

1 

[4242.1] 

16973 

40540 

1 

4 

4 

5.8xl0-<  1 

1.56X10-‘ 

0.0087 

-3.205 

c 

1  Is 

37 

3p-  12d 

«P->-«D 

4215.0 

16968 

40685 

6 

10 

0.00264  * 

0.00117 

0.097 

-2.154 

c 

9 

[4215.9 

1 

16973 

40685 

4 

6 

0.00263 

0.00105 

0.058 

-2.377 

c 

Is 

[4212.9 

1 

16956 

40685 

2 

4 

0.00220 

0.00117 

0.0325 

-2.63 

c 

Is 

[4215.9 

1 

16973 

40685 

4 

4 

4.39X10-^ 

1.17X10-^ 

0.0065 

-3.330 

c 

Is 

38 

3p-  13d 

M'”-  'D 

4195.0 

16968 

40798 

6 

10 

0.00204 

9.0X10-^ 

0.074 

-2.269 

c 

9 

[4195.9] 

16973 

40798 

4 

i 

6  ! 

0.00204 

B.lXlO-^ 

0.0446 

-2.491 

c 

Is 

[4192.9] 

16956 

40798 

2 

4 ; 

0.00170 

9.0xl0-< 

0.0248 

-2,75 

c 

Is 

[4195.9] 

16973 

40798 

4 

4 

3.40  X10-* 

9.0X10-S 

0.00496 

-3.445 

c 

Is 

39 

3d-4p 

*D-*P’ 

91050 

29173 

.50271 

10 

6 

0.00157 

0.117 

351 

0.068 

c 

9 

[90880] 

29173 

30273 

6 

4 

0.00142 

0.117 

211 

-0.154 

c 

u 

[91380] 

29173 

30267 

4 

2  j 

0.00156 

0.098 

118 

-0.407 

c 

Is 

[90880] 

29173 

30273 

4 

4 

1.57X10-* 

0.0195 

23.3 

-1.108 

c 

Is 

40 

3d-if 

*D-*P 

18465.3 

29173 

34587 

10 

14 

1 

0.140 

1.00 

610 

0.99 

c 

9 

41 

M-5f 

*D-*F” 

12679.2 

29173 

37058 

10 

14 

0.0471 

0.159 

66 

0.201 

c 

9 

(21) 

42 

U-6f 

iD-jp 

10834.9 

29173 

38400 

10 

14 

0.0224 

0.055 

19.7 

-0,257 

c 

9 

(22) 

43 

Zd-lf 

«D-«P 

9961.28 

29173 

39209 

10 

14 

0.0127 

0.0264 

8.7 

-0.58 

c 

9 

(23) 

44 

3d- 8/ 

‘D-«P 

9465.94 

29173 

39734 

10 

14 

0.0079 

0.0149 

4.64 

-0.83 

c 

9 

(24) 

45 

3d-9/ 

«D-«F° 

9153.88 

29173 

40094 

10 

14 

0.0053 

0.0093 

2.79 

-1.033 

c 

9 

(25) 

j 

46 

3d-  10/ 

‘D-'F" 

8942.96 

29173 

40352 

10 

14 

0.00371 

0.0062 

1.83 

-1.206 

c 

9 

(26) 

i 

47 

3d- 11/ 

«D-«P 

8796 

29173 

40539 

10 

14 

0.00245 

0.00414 

1.22 

-1.383 

c 

9 

(27) 

48 

45— 4p 

‘S-'P” 

22070 

25740 

.30271 

2 

6 

0.062 

1.35 

197 

0.431 

c 

4 

22056.4 

25740 

30273 

2 

4 

0.062 

0.90 

131 

0.255 

c 

is 

22083.7 

25740 

30267 

2 

2 

0.062 

0.450 

66 

-0.046 

c 

Is 

49 

45  — 5p 

rS-ipo 

10747 

25740 

35042 

2 

6 

0.0074 

0.0385 

2.72 

-1.114 

c 

9 

(18) 

1 

10746.4 

25740 

35043 

2 

4 

0.0074 

0.0257 

1.82 

-1.289 

c 

is 

10749.3 

25740 

35040 

2 

2 

0.0074 

0.0128 

0.91 

-1.59 

c 

is 

50 

45— bp 

>S-*P° 

86.50.3 

25740 

37297 

2 

6 

0.00231 

0.0078 

0.444 

-1.81 

c 

9 

(19) 

51 

45  — 7p 

IS-Jpo 

7810.0 

25740 

38541 

2 

6 

0.00284 

0.146 

-2.246 

c 

9 

(20) 

j  0.00104 

5 


Nal.  Allowed  Transitions— Co/ift/iue</ 


No, 

Trantiition 

Array 

Multiple! 

A 

.•/«(10" 

sec"‘) 

flk 

Slat.u.) 

Source 

52 

is—8f> 

’S-*l‘“ 

T.mj 

25740 

:i929f) 

2 

6 

5.6  X  10-< 

0.00136 

0.066 

-2.57 

C 

9 

53 

4s— 9p 

i7113.0| 

25740 

.19795 

6 

3.36  X  10-^ 

7.6  X  10  * 

0.0358 

-2.82 

C 

9 

54 

4s—  lOp 

*S-»P° 

[6944.01 

25740 

40137 

2 

6 

2.23  X  lO-' 

4.84  X10-* 

0.0221 

-3.014 

c 

9 

55 

4s—  lip 

Jg-Jpo 

[6827.3] 

2574C 

40383 

2 

6 

1.53  X  10-* 

3.20  X  10-* 

0.0144 

-3.194 

c 

9 

56 

4s-12p 

*S-*I’“ 

[6743.11 

25740 

40366 

2 

6 

1.11  X  10-* 

2.27  X  10-* 

0.0101 

-3.343 

c 

9 

57 

4s—  13p 

»s-*r 

[6680.01 

25740 

40705 

2 

6 

8.5x10  ■ 

1.71x10-* 

0  0075 

-3.466 

c 

9 

58 

4s—  14p 

IS-»1X> 

[6632.11 

25740 

40814 

2 

6 

6.3  X  10  " 

1.25  X  10* 

0.0055 

-3.60 

c 

9 

59 

4p— 6s 

jp«-.S 

im4 

:1027I 

36;i73 

6 

2 

0.0173 

0.0232 

7.5 

-0.86 

c 

9 

16388.9 

30273 

36373 

4 

2 

0.0!  15 

0.0232 

5.0 

-1.033 

c 

Is 

16373.9 

30267 

36373 

2 

2 

0  0058 

0.0232 

2.50 

-1.334 

(; 

Is 

60 

4p  — 7s 

I20IS 

:1027I 

38012 

6 

2 

0.0088 

0.0073 

1.86 

-1.359 

,  ; 

9 

12917.3 

30273 

38012 

4 

2 

0.0053 

0.0073 

1..24 

-1.53 

c 

Is 

12907.9 

30267 

38012 

2 

2 

0.00292 

0.0073 

0.62 

-  1.84 

c 

Is 

61 

4p-8s 

jpo-lg 

um 

.10271 

38968 

6 

2 

0.0051 

0.00340 

0.77 

-1.69 

c 

9 

[114981 

30273 

38968 

4 

2 

0.00343 

0.00344) 

0.51 

-1.87 

c 

Is 

{11490] 

30267 

38968 

2 

2 

0.00172 

0.003'l0 

0.257 

-2.168 

c 

1.1 

62 

4p — 9s 

»po_tS 

I0T45 

.10271 

39575 

6 

2 

O.OOS^) 

0.00190 

0.403 

-1.94 

c 

9 

[10747] 

30273 

39575 

4 

2 

0.00219 

0.00190 

0.269 

-2.119 

c 

Is 

{10741] 

30267 

39575 

2 

2 

0.00110 

0.00190 

0.134 

-2.420 

c 

Is 

63 

4p—  10s 

jpo-js 

10294 

:i027l 

39983 

6 

2 

0.00225 

0.00119 

0.242 

-2.146 

c 

9 

1102%] 

30273 

39983 

4 

2 

0.00150 

0.00119 

0.161 

-2.322 

c 

Is 

[10290] 

30267 

39983 

2 

2 

7.5x10  < 

0.00119 

0.081 

-2.62 

c 

Is 

64 

4p—  11s 

jpo_ls 

<m4J 

.10271 

40271 

6 

2 

0.00167 

8.3X  10-* 

0.164 

-2.301 

c 

9 

[99%.3] 

30273 

40271 

4 

2 

0.00111 

8.3  X  10  * 

0.110 

-2.477 

c 

Is 

[9990.3] 

30267 

40271 

2 

2 

5.6x10-* 

8.3  X  10  * 

0.055 

-2.78 

c 

/.s 

65 

4p—  12s 

jpO-JS 

9789.7 

:1027I 

40482 

6 

2 

0.00120 

5.8  X  10* 

0.112 

-2.461 

c 

9 

[9791.6] 

30273 

40482 

4 

2 

8.0  X  10-* 

5.8x10-* 

0.074 

-  2.iV5 

c 

Is 

[9785.9] 

30267 

40482 

2 

2 

4.02  X  10-* 

5.8  X  10  * 

0.0372 

-2.94 

c 

/.« 

66 

4p—  13s 

ipo-ljj 

96:16.8 

:1027I 

40644 

6 

2 

0.00100 

4  63  X  10  * 

0.088 

-2.56 

c 

9 

[9638.7] 

30273 

40644 

4 

2 

6.6x10-* 

4.63  X  10* 

0.0.59 

-2.73 

c 

Is 

[9633.  ij 

30267 

40644 

2 

2 

3.53x10* 

4.63  X  10  * 

0.0294 

-3.03:5 

c 

Is 

67 

4p  —  14s 

jp=-is 

9822.1 

:1027I 

40769 

6 

2 

8.5  X  10  * 

3.87  X  10* 

0.073 

-2.63 

c 

9 

[9523.9] 

30273 

40769 

4 

2 

5.7X10  * 

3.87x10  * 

0.0485 

-2.81 

c 

Is 

[9518.5] 

30267 

40769 

2 

2 

2.85  X  10  * 

3.87  X  1U-* 

0.0243 

-3.111 

c 

Is 

68 

4p—4d 

ap-JD 

2.1:170 

.10271 

34.549 

6 

10 

0.067 

0.91 

420 

0.74 

(;  + 

7.9 

23379.1 

30273 

34549 

4 

6 

0.067 

0.82 

252 

0.52 

(:  + 

Is 

23348.4 

30267 

34549 

2 

4 

0.056 

0.91 

140 

0.260 

(;  + 

Is 

[23379] 

30273 

34549 

4 

4 

0.0111 

0.091 

28.0 

-  0.439 

(.  + 

Is 

6 


1 


Nal.  Allowed  Transitions  — Continued 


Nil.  Transition  Multiple!  A(A) 
Array 


14776  30271 


2p»_JD  I  I23!a 
2320.0 


1103  30271 


T2  \  4i>-3d  i  I  10370  30271 


0572.3 

10566.0 


73  Up -9,/ 


74  Up-KW 


75  Up-llrf 


78 

5s—  lOp 

79 

.5s -lip 

80 

5s—  12/1 

81 

.5s-13p 

82 

.5s  — 14p 

83 

.5s—  15p 

84 

5s—  16p 

85 

5s-17p 

86 

.5s-18p 

2|)0_  JQ 


2|>o 


40349  4 
40349  2 
40349  4 


6  0.00477 
4  0.00397 
4  7.9  X  10-< 

10  0.00323 

6  0.00323 
4  0.00270 
4  5.4X10-^ 

10  0.00230 

6  0.00230 
4  0.00192 
4  3.83  X  10'^ 

10  0.00169 

6  0.00169 
4  0.00141 
4  2.8rxl0-' 

10  0.00129 

6  0.00128 
4  0.00107 
4  2.14X10-' 


0.00235 

0.0133 

0.0120 

0.0133 

0.00133 

0.0084 

0.0075 
0.0084 
8.4X  10  ' 


0.0051 

0.0057 

5.7X10-' 

0.00400 

0.00360 
0.00400 
4.00  X  lO-' 

0.00296 

0.00266 
0.00296 
2.96  X  lO-" 


10  9.9X10-"  0.00224 


40566  I  2 
2 

40814  I  2 


6  o.noiOG 
4  8.3  X'O-" 

4  1.66  X10-" 

6  1.64X10-' 

6  1. 10X10-' 

6  ,7.9X10  '‘ 

6  6.0X10--' 

6  4.45X10 

6  3.48  X  10 

6  2.78X10  • 

6  2.33X  10-' 

6  1.93X10 


0.00202 
0.00224 
2.24  X  10  " 

0.00153 

9.6X  10-" 

6.6X  10  ' 

4.76  X  10-' 

3.45  X  10-' 

2.64  X  10-' 

2.07  X  10-' 

1.71  X  10  ' 

1.40X  10-' 


S(at.u.) 


41.4 


0.145 

0.088 

0.059 

0.0417 

0.0298 

0.0226 

0.0175 

0.0144 

0.0117 


loUS/" 


-O.OtO,  C-l- 


-1.319  C  + 
-1.58  C  + 
-2.274  C  + 

-1.299  C 

-1.52  C 
-1.77  c 
-2.475  C 

-1.470  C 

-1.69  C 
-1.95  C 
-2.65  C 

-1.62  C 

-1.84  C 
-2.097  C 
-2.80  C 

-1.75  C 

-1.97  C 
2.228  C 
-2.93  C 

-1.87  C 

-2.093  C 
-2.349  C 
3.048  C 


Nall 


Ground  State 


l5*2i*2p»  ‘S,, 


Ionization  Potential 


47.29  eV  =  381528  cm-' 


Allowed  Transitions 

Calculations  by  Kastner,  Omidvar,  and  Underwood  [Ij,  employing  Hartree-Fock  wavefunctions 
and  including  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a  single¬ 
configuration  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the  strong 
lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by  assump¬ 
tions  about  the  coupling. 


Reference 

[1]  Kastner,  S.  O.,  Omidvar,  K.,  and  Underwood,  J.  H.,  Asirophya.  J.  148,  269-273  (1967). 


Na  II,  Allowed  Transitions 


Transition 

Array 

Multiplet 

X(A) 

£Kcm-') 

£*(cm-') 

A* 

/4*i(10" 

see"') 

Jlk 

S(at.u.) 

logAf 

Accu¬ 

racy 

Source 

1 

2p<'-2p»(*PS«)3s 

1C  ..ipo 

(1  uv) 

376.375 

0 

265693 

1 

1 

3 

1.5 

0.0093 

0.012 

-2.03 

E 

1 

2 

2p«-2p»{‘P?„)3i 

IS-ipo 
(2  uv) 

372.069 

0 

268767 

1 

3 

31 

0.19 

0.23 

-0.72 

D 

1 

3 

2ps_2p5(rp»,)3rf 

'S-"P* 

[302.44] 

0 

330641 

1 

3 

1.4 

0.0057 

0.0057 

-2.21 

E 

1 

4 

2p*-2p''C^PS/,)3d 

IC  _  ipo 

f3uv) 

301.432 

0 

331749 

1 

3 

9.5 

0.039 

0.039 

-1.41 

D 

1 

5 

2p''-2p»{*P?,j)3d 

'S-’D’ 

(4  uv) 

300.151 

0 

333167 

1 

3 

30 

0.12 

0.12 

-0.92 

D 

1 

8 


Na  HI 


(Iround  State 


lonizatiun  Potential 


71.65  eV  =  573033  cnr' 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  lA] 

No. 

Wavelength  [.A] 

No. 

Wavelength  [A] 

No. 

378.14 

1 

1970.6 

14 

2180.8 

12 

380.11 

1 

1976.4 

13 

2182.8 

3 

1752.7 

9 

19a5.5 

4 

2194.8 

12 

1761.7 

9 

1995.6 

14 

2202.8 

3 

1763.8 

9 

20048 

15 

2214.2 

3 

1773.0 

9 

2005.2 

4 

2222.8 

12 

1782.9 

9 

2005.2 

14 

2225.3 

7 

1791.2 

9 

2011.9 

13 

2225.9 

3 

1801.3 

9 

2022.3 

10 

2230.3 

3 

1838.1 

8 

2028.6 

10 

2232.2 

7 

1844.3 

8 

2031.1 

14 

2239.5 

3 

1845.1 

8 

2036.9 

15 

2246.7 

3 

1849.6 

8 

2037.8 

10 

2251.5 

3 

18.50.3 

8 

2045.5 

10 

2278.5 

7 

1855.9 

8 

2048.7 

10 

2283.7 

7 

1856.7 

8 

2051.9 

10 

2310.0 

6 

1861.2 

8 

2055.2 

10 

2367.3 

6 

1899.7 

11 

2058.8 

10 

2406.6 

5 

1918.5 

11 

2063.0 

10 

2459.4 

5 

1920.1 

11 

2065.3 

10 

2468.9 

5 

1926.3 

11 

2067.4 

17 

2474.7 

2 

1935.6 

11 

2073.3 

17 

2497.0 

2 

1939.3 

11 

2101.5 

17 

2510.3 

2 

1941.8 

11 

2107.7 

17 

2530.2 

2 

1942.2 

13 

2144.8 

16 

2542.9 

2 

1950.8 

11 

2151.2 

16 

2553.6 

2 

1951.2 

4 

2174.5 

16 

2563.3 

2 

1965.1 

11 

For  the  2s-2/r'-P''— 2s2/;'*-S  multiplet,  Cohen  and  Dalgarno  [1]  usinic  the  nuclear  charge- 
expansion  method  and  Bajius  (2]  usinj:  the  self-consistent  field  apuroximation  arrive  at  identical 
results.  The  quoted  value  may  be  nevertheless  quite  uncertain  since  confi^iuration  interaition 
effects  with  configurations  involving  electrons  of  the  r  =  3  shell  may  be  siicnificant,  but  were  nut 
included  in  the  calculations.  Inasmuch  as  no  other  material  is  available,  the  Coulomb  approxi¬ 
mation  has  been  used  for  a  number  of  3s  —ip  and  3p—3d  transitions,  where  for  atomic  systems  for 
similar  complexity  it  has  ^iven  fairly  reliable  values. 

References 

|1|  Cohen.  M..  and  Daittarno.  A..  Pror.  Roy.  Soc.  London  A2SO,  2.58-270(1964). 

(2]  Ba);u8,  P.  S..  ll.S.  Alomir  Eneriiy  Commission  ANL-6959  (1964). 


Nalll.  Allowed  Traiisilioiis 


No 

Transition 

Array 

Multiple! 

X(A) 

A’itein  *1 

A’n  tem  ') 

T - 

t^i 

A'a 

!  .•<*,(  10- 
.sec  ') 

Jtk 

r  " 

1  .''■(al.u.) 

l"t;  /(/ 

.Ami 

rar\ 

|.S()urce 

1 

2i-2/r''  —  2i2/>" 

264449 

6 

2 

210 

0.15 

l.l 

-0.05 

D- 

1.2 

[378. 14] 

0 

264449 

4 

2 

1.30 

0.14 

0.72 

-0.25 

!)- 

Is 

[380.11] 

1254 

264449 

2 

2 

66 

0. 1 4 

0..36 

-0..5.5 

i 

Is 

2 

2/>'3s-2/.'i'‘l'i3/ 

l|»  _  4|»o 

2.i/.7.ft 

.16659/ 

4//6/.1/ 

12 

12 

2.4 

0.2.3 

2.3 

0. 44 

•  1) 

\ 

[2497.0 

.366165 

406201 

6 

6 

1.7 

;  0.16 

!  8.0 

-0.02 

1) 

1 

'  /s 

2530.2 

;3670.52 

406562 

4 

4 

0.31 

0.0.30 

i  1.0 

-■0.92 

K 

Is 

2542.9 

367562 

406876 

2 

2 

0.39 

!  O.IL38 

1  0.64 

-  1.12 

K 

;  Is 

2474.7 

366165 

406.562 

6 

4 

l.l 

j  0.070 

1  3.4 

-0..38 

D- 

1  /' 

2510.3 

367052 

406876 

4 

2 

2.0 

0.097 

3.2 

-0.41 

i  n- 

Is 

2553.6 

;3670.52 

406201 

4 

6 

0.69 

1  0.1(1 

.3.4 

-0.40 

'  u- 

! 

1  ' 

2563.3 

.367.562 

406562 

2 

4 

0.96 

1  0.19 

.3.2 

-0. 42 

1  - 

3 

.16669/ 

////r.i 

12 

20 

.3.6 

1  0.44 

.39 

1 

0.72 

i  ■> 

( <1 

[2230.3 

366165 

410988 

6 

8 

1  .3.7 

0.36 

16 

0.33 

1) 

!  Is 

[2246.7 

.367052 

411.548 

4 

6 

2.4 

0.28 

8.2 

0.05 

1) 

Is 

[2251. 5 

.367.562 

411964 

2 

4 

1  1 .5 

0.22 

,3.3 

-0.36 

:  D- 

Is 

2202.8 

.366165 

41 1.548 

6 

6 

1.1 

0.080 

.3..5 

-0.32 

D- 

Is 

2225.9 

.3670.52 

411964 

'  4 

4 

1.9 

0.11 

4.2 

-0.25 

1  1)_. 

Is 

2239.5 

.367.562 

412202 

2 

2 

3.0 

0.22 

.3.3 

-0..36 

D- 

Is 

2182.8 

366165 

411964 

6 

4 

0.19 

0.0090 

0.39 

-1.27 

1  K 

Is 

2214.2 

.367052 

412202 

4 

•) 

0.61 

0.022 

0.65 

-  I.IM) 

•  K 

Is 

4 

•1'-  'S° 

.1666'// 

417416 

12 

4 

5.2 

0.10 

7.9 

0.08 

i  l> 

m 

[1951.2 

.366165 

417416 

6 

4 

2.7 

0.10 

3.9 

-0.22 

1) 

Is 

1985.5 

.367052 

417416 

4 

4 

1.7 

0.10 

2.6 

-0. 40 

1) 

Is 

[2(K)5.2 

.367562 

417416 

2 

0.82 

0.10 

1.3 

-0.70 

» 

Is 

5 

2I7>H.<J 

.ir.l9«2 

///6.18 

6 

10 

2.9 

0.43 

21 

0.41 

1) 

[24.59.4] 

.3736.33 

414281 

4 

6 

3.0 

0.40 

13 

It.  20 

1) 

Is 

[2468.9] 

.374681 

41517' 

•> 

) 

2.4 

(U3 

7.0 

-0.07 

i) 

Is 

[2406.6] 

.3736.3.3 

41517.3 

4 

0.51 

0.044 

1.4 

-0.75 

K 

Is 

6 

jp-.'S” 

2.J28.8 

.ir,19«2 

416910 

2 

.3.4 

0.091 

4.2 

-0.26 

1) 

t  a 

[2310.0] 

.37.36.3.3 

416910 

•4 

•> 

2.3 

0.09: 

2.8 

-0.4.3 

1) 

Is 

[2.367.3] 

.374681 

416910 

2 

2  , 

l.l 

0.090  1 

\A 

-0.74 

1) 

Is 

7 

■.’■247.1 

.17.1982 

i’KiM 

6 

! 

3.9  i 

0.29  1 

1.3 

0.24 

1) 

rn 

2232.2 

.37.36.3.3 

418418 

4 

4  ' 

3.3  ^ 

i 

i).2\  1 

:■> 

-0.02 

1) 

Is 

2278  5 

374681 

418.557 

2 

^  1 

2.4 

0.19 

2.8 

-0.42 

1)  1 

Is 

2225.3 

, 

.37,363.3 

418.557 

4 

.»  ; 

1.3 

0.048  1 

1.4  1 

-0.72 

y 

Is 

[2285.7] 

374681 

418418 

- 

'  ! 

0..59 

0.09.3  i 

1.4  1 

K  1 

Is 

8 

2/<'3/<-2/)'(-'l’l3o' 

l>°-'l) 

IHry2.0 

i 

mm 

mm 

12 

20  ' 

1 

7.3  j 

1 

0/a  ! 

k) 

0.88 

' 

ril 

[1849.6] 

i 

406201 

460268 

6 

7.2  1 

0.49 

18  i 

0.47  ^ 

!  1 

1 

/s 

[18.56.7] 

1861.2] 

40f).562 

406876 

460‘t21 

460606 

4 

2 

6  ! 
4  1 

5. 1  1 

3.0  1 

0.40 

0.31  ' 

9.7  1 

.3.8 

0.20 

-0.21 

1) 

i)-i 

1)-' 

1)-! 

T' 

/.N 

/s 

1 

1844.3 

406201 

460421 

6 

6  ! 

•)  ■;  ! 

o.ll  i 

4.1 

-O.U, 

u 

; 

i 

18.50.3 

! 

40f).562  1 

46061 V. 

4 

4 

.3.9  1 

0.20  ! 

4.9 

0  10 

/, 

[18.55.9 

406876 

4607.59 

2 

■) 

6.0  1 

0.31  1 

3.8 

-0.21 

/., 

[18.38.1 

406201  I 

4606(8) 

6 

4 

0..38  1 

0.01.3  ! 

0. 4() 

-  l.l  1 

Is 

Is 

[1845.1 

1 

U)65ft2  1 

] 

460759 

4 

2 

1.2  i 

0.()32  I 

0.77 

-0.89 

K  ! 

9 

|>o  _  i|> 

1707.1 

WhJit  , 

1 

KiWI.'i 

12 

12  ' 

4.6 

0.21  j 

15 

0. 40 

" 

(■(1 

1 

17.52.7 

1 

40f)20l  ' 

46.3257 

6 

6  ! 

3.3 

1 

o.ir)  1 

5.2 

-0.05 

i 

’  1)  1 
'  F  1 

Is 

1 

177.3.0 

i 

1 

40f).562  1 

462%4 

4 

4 

0.61 

0.029 

0.67 

-0.94 

Is 

i 

I 

1801.3 

1761.7 

1 

40fi876  1 
401)201  1 

462.391  1 
462964  1 

2 

6 

2  1 

4 

0.73 

2.0 

0.035 
0.06.3  1 

•)  •) 

-  1.15 
-0.42 

1)  ^ 

Is 

Is 

Is 

j 

! 

i 

1791.2 

1.K).562 

462.391  1 

4 

2 

3.7 

0.089  ! 

2.1 

-0. 45 

1)  -1 
l)-i 
!/-! 

1 

1 

1763.8 

1 

406.562 

46.3257  1 

4 

6 

1.4 

01195 

•)  •) 

-0. 42 

/., 

1 

1 

1782.9 

1 

406876 

162'>64  1 

2 

4 

1.9 

0  18 

2.1 

-0.44 

is 

10 


r 


K 


Na  III.  Allowed  Transitions  — f,’on//«uer/ 


i 


I 

t 


No. 

TriiMsiiiiiM 

•\iray 

Multipli-l 

r  ' 

mA) 

Ajicm  ’) 

H. 

A 

.•<*,■(10* 

h 

.S'lat.u.) 

Accu 

racy 

Source 

Ill 

111174 

mt4i 

20 

20 

1.9 

0.12 

16 

0.38 

D 

ca 

[2028.6] 

410988 

460268 

8 

8 

1.7 

0.10 

.3.5 

-0.10 

D 

is 

204.3., 3 

411,348 

460421 

6 

6 

1.1 

0.069 

2.8 

-0.38 

D 

Is 

1 

1 

i 

205,3.2 

411964 

460606 

4 

4 

0.76 

0.048 

1.3 

-0.72 

D- 

Is 

2058.8 

412202 

460759 

2 

2 

0.9.3 

0.0.39 

0.80 

-0.93 

D- 

Is 

2022..3 

410988 

460421 

8 

6 

0.37 

0.017 

0.91 

-0.87 

D- 

Is 

2037.8 

411.348 

460606 

6 

4 

0.66 

0.027 

1.1 

-0.79 

D- 

Is 

2048.7 

411964 

460759 

4 

2 

0.94 

0.030 

0.80 

-0.92 

D- 

Is 

20,31.9 

411.348 

460268 

6 

8 

0.27 

0.022 

0.91 

-0.88 

D- 

Is 

2063.0 

411964 

460421 

4 

6 

0.42 

0.040 

1.1 

-0.80 

D- 

Is 

206,3.3 

412202 

460606 

2 

4 

0.46 

0.059 

0.80 

-0.93 

D- 

Is 

1 

11 

\ 

I<I47.I 

111174 

1<7>44> 

20 

28 

8.9 

0.71 

91 

1.15 

D 

ca 

1 

■1%.3.1] 

410988 

461877 

8 

10 

8.8 

0.64 

33 

0.71 

D 

Is 

19,39.3 

411.348 

463113 

6 

8 

7.6 

0.57 

22 

0.53 

D 

Is 

1 

19,3.3.6 

411%4 

46.3628 

4 

6 

7.0 

0.59 

15 

0.37 

D 

Is 

i 

1950.8' 

412202 

463462 

2 

4 

6.2 

0.71 

9.1 

0.15 

D- 

Is 

1 

[1918.5 

410988 

46311.3 

8 

8 

1.3 

0.07.3 

3.7 

-0.23 

D- 

Is 

1 

1920.1 

411548 

463628 

6 

6 

2.2 

0.12 

4.7 

-0.14 

D- 

Is 

1941.8 

411964 

463462 

4 

4 

2.5 

0.14 

3.6 

-0.2.3 

u- 

Is 

1899.7 

410988 

463628 

8 

6 

0.094 

0.(H)38 

0.19 

-1.52 

E 

Is 

■1926.3] 

411.348 

j  463462 

6 

4 

0,18 

0.(K)68 

0,26 

-1.39 

E 

Is 

12 

1 

1 

l_S0_ 

417416 

1  1(7i()l4 

4 

12 

.3.7 

0.80 

2.3 

0.51 

D 

ra 

1 

1 

[2180.3 

1 

417416 

46.3257 

4 

6 

.3.6 

0.38 

11 

0.18 

1) 

Is 

1 

[2194.8 

1 

417416 

1  462964 

4 

4 

.3.7 

0.27 

',7 

0.0.3 

1) 

Is 

1 

i 

[2222.8 

417416 

462391 

4 

2 

3.5 

1 

0.1.3 

.3.8 

-0.28 

D 

Is 

l.i 

! 

j 

/9</.5.0 

1!  1(744 

1(>171(l 

10 

14 

8.6 

0.72 

47 

0.86 

1) 

ca 

! 

[2011.9 

414281 

463%9 

6 

H 

8.4 

0.68 

27 

0.61 

1) 

Is 

!  i 

1976.4 

41.317.3 

46.37691 

4 

6 

8.3 

0.7.3 

19 

0.47 

n 

Is 

1942.2 

i 

414281 

!  465769 j 

i  6 

0.60 

0.0.34 

1.3 

-0.69 

E 

Is 

It 

.  -ir--i)  i 

:  1  i 

/w/.r 

U  1(744 

1()t()1(> 

10 

10 

1 

2.1 

1 

0.1.3 

8.1 

0.11 

1) 

ra 

1  1 

1W3.6 

,  414281 

464392 

6 

1 

6 

2.0 

0.12 

4.7 

-0.14 

D 

Is 

1  !  ' 

2(K)5.2 

41.317.3 

46.3028 

4 

4 

1.9 

0.11 

,3.0 

-0.36 

D 

Is 

1  i  1 

1970.6 

1  414281 

46.3028 

6 

4 

0.2.3 

0.0087 

0.34 

-1.28 

E 

Is 

1  1  1 
1 

20.31.1 

j  41517.3 

'  t64.392 

4 

6 

0.14 

0.01.3 

0..34 

-1.28 

E 

Is 

1.') 

1 

2^0  _2|) 

Jll!.',.}  ( 

416910 

1(<(}5II 

2 

6 

4.5 

0.8.3 

11 

0.22 

1 

1) 

ra 

1 

1  i 

[2(K)4.8]  1 

416910 

466773 i 

2 

4  1 

4.6 

0.5.3  1 

7.3 

0.04 

D 

Is 

i 

[20.36.9] 

416910 

46.3988 

2 

2 

4.4 

0.28 

3,7 

-0.2.3 

D 

Is 

Il> 

-r'’--!)  j 

1l41(h( 

1()1(>1(7i 

6 

10 

.3,2 

0,61 

26 

0.,36 

D 

ra 

1 

1 

1 

[2174.5] 

418418 

464.392 

4 

6 

.3.3 

0..36 

16 

0,35 

D 

Is 

1 

1  1 

! 

2151.21 

418.3.37 

46.30Z8 

2 

4 

4.4 

0.61 

8.7 

0.09 

D 

Is 

i  ! 

! 

[2144.8] 

418418 

46.3028 

4 

4 

0.87 

0.0060 

1.7 

-1.62 

E 

Is 

17 

-r--i'  i 

■JDHIl.t,  i 

il41()1 

MtMl 

6 

6 

1 

.3.3  1 

0.21 

8.7 

0.10 

D 

ca 

i 

[2067.4] 

418tl8 

46677.3 

4 

4 

2.8 

0.18 

4.8 

-0,14 

D 

Is 

[2107.7 

418.3.37 

46.3988 

2 

2 

2.1 

0.14 

1.9 

-0,.3.3 

D 

Is 

[2101..3 

418418 

46.3988 

4 

2 

1.1 

0.0,35 

0.97 

-0.8,3 

E 

Is 

[207,3..3] 

418.3.37 

46677.3 

2 

_ 

4 

0.,3.3 

0.071 

0.97 

-0  8.3 

E 

Is 

! 


\ 


^08-022  0-0')— d 


11 


^alli 

Forbidden  Transitions 


The  line  strength  for  the  une  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1|.  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 
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INalll.  Forbidden  Transitions 
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Ionization  Potential  98.88  eV=  797741  cm“' 

Allowed  Transitions 

The  values  are  calculated  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [Ij 
which  includes  limited  configuration  mixing.  An  additional  value  for  the  '.S  — 'P°  transition  is 
available  from  the  calculations  of  Bolotin,  Shironas,  and  Braiman  [2),  which  also  include  limited 
configuration  interaction  For  this  latter  transition,  the  two  methods  agree  fairly  well  and  the 
results  are  averaged.  In  general,  uncertainties  should  be  within  .SO  percent. 
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Na  IV 


Forbidden  Transitions 

The  sources  used  in  derivin};  the  adopted  values  are  Naqvi  [1],  and  Malville  and  Bertfer  (2]. 
Naqvi’s  magnetic  dipole  values  are  used  whenever  the  choice  of  transformation  coefficients  be¬ 
comes  more  important  than  the  effects  of  configuration  interaction  (see  General  Introduction). 
Malville  and  Berger  have  calculated  values  using  “spin-orbit”  and  “spin-spin  and  spin-other- 
orbit  integrals”  calculated  by  Garstang  (Monthly  Notices  Roy.  Astron.  Soc.  Ill,  115  (1951)).  The 
electric  q'ladrupole  moment  Sq  calculated  by  Malville  and  Berger  has  been  used  throughout  and 
is  considered  better  than  Naqvi's,  because  it  is  obtained  from  self-consistent  field  wavefunctions, 
while  Naqvi  used  screened  hydrogenic  wavefunctions.  We  have  therefore  modified  Naqvi’s  ''P-i— 'Pi 
and  "P,.  I  —  'Do  electric  quadrupole  values  by  substituting  Malville  and  Berger’s  Sq. 
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\s-2s-2ir"Sh 


loni/.alion  I’oleniial  138. ;>7  eV=  1116312  cnr' 

.Allowed  Transitions 


List  of  tabulated  lines; 


Wavelength  (A| 

N<*. 

W'avelengih  |.\| 

.No. 

Wavelength  |A| 

No. 

307.15 

3 

.369.7.3 

7 

4.56.15 

8 

.308.26 

3 

.369.78 

! 

4.59.57 

8 

308.29 

.3 

400.67 

2 

4.59.'40 

1 

332.54 

6 

4(M).71 

2  1 

4()l.0;5 

1 

332..59 

6 

400.7.3 

•>  1 

1 

4(1.3.26 

1 

333.88 

6 

400.77 

2  1 

.504).  W 

333.92 

6 

445.0,5 

^  ! 

.5I0.(W 

0 

360.32 

5 

44.5.12 

4 

511.21 

9 

360.37 

5 

445.19 

4  1 

.5 14.  .36 

9 

.367.56 

7 

_ 

Values  for  all  the  listed  transitions  are  ealeulaled  from  the  nuclear  cliart’e-expansion  melliod 
of  Colien  and  Dalfrarno  |11.  wliieli  includes  limited  confifitiralion  mixin*:.  .|ud<:cd  from  jirapliical 
com|)arisons  with  oilier  ions  in  the  isoelecironic  se(|uence  and  from  the  •leneral  succe.ss  of  (iohcn 
and  Daljiarno's  nielliod  for  similar  atomic  systems,  uncertainties  within  50  peiceni  are  indicated. 

Reference 

|1|  (^ihen.  M..  and  Daliiarno,  A..  I’nic.  Rciy.  Sue.  I.imdcm  A280,  2.'>8~270 


Na  V.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplel 

Kt\) 

■  ■  1 

/■,’i<cm''l 

1 

■hidO- 
sec  '' 

Jik 

•Sial.u.) 

•"PA'/' 

Accn 

racy 

Sdiirce 

1 

CM 

CM 

J 

CM 

'S°-'l> 

tit  1. Oh 

0 

2/6892 

4 

12 

.31 

0..30 

1.8 

0.08 

1) 

1 

1463.261 

0 

21.5860 

4 

6 

31 

0.15 

0.90 

-  0.22 

1) 

1 

Is 

1  1461.051 

0 

216896 

4 

4 

.31 

0.099 

0.60 

-0.40 

1) 

Is 

j  [4.59.901 

0 

217440 

4 

2 

31 

0.0.50 

0..50 

-0.70 

1) 

Is 

2 

•l)o_J0 

400.72 

[/r.5«9[ 

[29r/.(9| 

10 

10 

72 

0  17 

2.3 

0.2.3 

1) 

1 

[400.731 

[47570[ 

[2971 1!)[ 

6 

6 

68 

0.16 

1.3 

-0.02 

1) 

Is 

[400.71  [ 

[4  7.595  [ 

[2971.50[ 

4 

4 

65 

0.16 

0.83 

-0.19 

1) 

Is 

[  400.67  [ 

[47.570[ 

[2971.50[ 

6 

4 

7.2 

0.012 

0.(W2 

-  1.14 

K 

Is 

[400.77[ 

[47.5'-5[ 

[2971 16[ 

4 

6 

4.8 

0.017 

0.092 

-  1.17 

I-- 

Is 

3 

liOT.HO 

[■/r.5«9l 

[.■(r2.i6r[ 

10 

6 

27i! 

0.2.3 

2.3 

0.36 

1) 

1 

[ 308.26 [ 

[47.570[ 

[.371967[ 

6 

4 

240 

0.2.3 

1.4 

0.14 

1) 

Is 

[.307. 15[ 

[47.59.5[ 

[.373167[ 

4 

2 

270 

0.19 

0.77 

-0.12 

1) 

Is 

[308.29[ 

[  47.595  [ 

[.371967[ 

4 

4 

26 

0.0.37 

0.15 

-  0.8.3 

K 

i 

4 

,,,o_,i) 

tt.'i.lt 

\72IHO\ 

[29r/;W[ 

6 

10 

>1 

0.0.56 

0.49 

-0..t7 

1) 

1 

'  1 

1 

1 

[44.5. 19[ 

[  72493 [ 

[2971 16[ 

4 

6 

11 

0.049 

0.29 

-0.71 

1) 

Is 

[44.5.0.5[ 

[  724.54  [ 

[2971.50[ 

2 

4 

9.2 

0.0.55 

0.16 

-  0.96 

1) 

'  Is 

1  [44.5.12[ 

[7249.3[ 

[2971.50[ 

4 

4 

1.9 

0.(H).56 

0.03.3 

-  1.65 

1  K 

i  Is 

14 


Na  V.  Allowed  Transitions  — Continued 


rraiisitiiiii 

■Array 

Multipiet 

\(A) 

A'itcin"') 

A.'/i(ciii~') 

A'i 

Pk 

4*/(10" 

see-‘l 

Jik 

■Stal.u.ti 

l"S  </ 

Accu¬ 

racy 

Sdurce 

f) 

\7.>IH0\ 

].1W«7| 

6 

2 

150 

0.10 

0.71 

•0.22 

1) 

1 

1360.37] 

]72493] 

(349987] 

4 

2 

100 

0.099 

0.47 

-  /.40 

D 

is 

1360.32] 

]  724.54] 

]3499871 

2 

2 

52 

0.10 

0.24 

-0.70 

D 

Is 

h 

:m.46 

\T24H0\ 

].172.167] 

6 

6 

78 

0.13 

0.86 

--0.11 

D 

1 

1333.92] 

]72493] 

]371%7| 

4 

4 

65 

0.11 

0.48 

-0.36 

D 

is 

1332.54] 

]724.54] 

]373167| 

2 

2 

52 

0.087 

0.19 

-0.76 

D- 

Is 

].332.59] 

172493] 

]3731671 

4 

2 

26 

0.022 

0.09() 

-1.06 

E 

Is 

].333.88] 

172454] 

]371%7| 

2 

4 

13 

0.044 

0.096 

-1.06 

E 

Is 

4 

2.s2/»'  —  2//' 

:m.oi 

\J‘>7i:i0\ 

|.56«/26] 

10 

6 

120 

0.15 

1.8 

0.18 

D 

1 

1369.73] 

]297116] 

]. 5675831 

6 

4 

no 

0.15 

1.1 

-0.05 

D 

is 

]  367. .56] 

]2971.50] 

]569211| 

4 

2 

120 

0.12 

0.60 

-0.32 

D 

is 

1369.78] 

]2971.50] 

1567583] 

4 

4 

12 

0.025 

0.12 

-1.00 

E 

is 

8 

4.iH.4J 

] 349987] 

].56«/261 

2 

6 

7.0 

0.066 

0.20 

-0.88 

D 

1 

]4.59.57] 

].349987] 

].567.583| 

2 

4 

6.8 

0.043 

0.13 

-1.07 

D 

is 

1456.15] 

]349987] 

1.569211] 

2 

2 

7.2 

0.022 

0.067 

-1.36 

D 

is 

9 

,,,  ,|,0 

.ilOM 

].l  72.167] 

1.568/26] 

6 

84 

0.33 

3.3 

0.30 

D 

1 

1511.21] 

]371%7] 

].5675831 

4 

4 

68 

0.27 

1.8 

0.03 

D 

is 

1510.09] 

]373167] 

]569211| 

2 

2 

.56 

0.22 

0.73 

-0.36 

D- 

is 

|.50ti.99] 

|371%7] 

]569211] 

4 

2 

29 

0.055 

0.37 

-0.66 

E 

is 

]514.36] 

1373167] 

].567583] 

2 

4 

14 

0.11 

0.37 

-0.66 

E 

is 

NaV 


Forbidden  Transitions 

All  llu-  values  f(ir  this  ion  liav-  been  taken  from  Pasternack  [1].  The  electric  quadrupole 
valin's  have  be»'n  cnrrected  by  applying  Naqvi's  value  [2]  for  the  electric  quadrupole  moment  s,. 

Keferences 


|l|  I’u'lcruack.  S..  Aslmiiliys  J.  92,  129  il940t. 
121  Naii'i.  A.  \I., 'I'hcsi,  Harvard  (1951). 


Na  V.  Forbidden  Transitions 


No. 

rrunsitiiin 

.Array 

Miiltiplet 

At  A) 

Hiivm  M 

! 

/■,'*(  cm  ') 

Pi 

Type  of 
Transi¬ 
tion 

•b-itsee  ') 

.S'tal.u.) 

Accu¬ 

racy 

[Sijurcc 

1 

1 

1 

1 

2/»''  -  2/»'‘ 

V-'D” 

[2101.5] 

0 

! 

[47.570] 

4 

6 

m 

2,2  X  10  ' 

•1..54X  10  • 

('.- 

1 

[2101.5] 

0 

! 

47570] 

4 

6 

e 

9.6  X  10  < 

l.tx  10  ' 

D- 

1.  2 

(21(K).4] 

0 

! 

4..59.SJ  1 

4 

■1 

m 

0.012 

1  f.5  A  !() 

C- 

1 

1 

[2UK).4] 

0 

! 

[47.595] 

4 

4 

c 

5.9  X  10  ' 

5.7  X  10 

D- 

1.  2 

2 

[  1379.4] 

0 

1 

[72493] 

1 

4 

4 

m 

1 

\u 

0.00167 

C 

1 

[1379..1] 

0  1 

1 

7219.3] 

1 

4 

4 

e 

1 .3.0  X  10  “ 

.3.6  X  10  " 

D- 

1.  2 

[1.380.2] 

0  1 

1 

724.51] 

1 

■t 

2 

m 

i.7 

3.3 1  X  10  ^ 

C 

1 

[1.380.2] 

0 ; 

1 

[724.54] 

1 

■1 

2 

e 

7.5  X  10  “ 

4.5  X  10  " 

D- 

1.  2 

15 


Nav.  Forbidden  Transitions— Continued 


Multiplet 

i 

1 

x(A) 

[40.0  X  10'] 
[40.0  X  10'] 

(1  F)  1 

1 

4011.2 

4011.2 

4021.6 

4021.6 

40i7..S 

4015.3 

4015.3 

[25.6  X  lO*] 
[25.6  X  lO'J 

./»i(sec-') 

5'(at.u.) 

Accu¬ 

racy 

2.53  X  10-' 

2.40 

B- 

6.4  X  lO-"* 

0.0016 

D- 

0.67 

0.0064 

C 

0.23 

0..56 

D 

0.74 

0.00357 

C. 

0.19 

0.24 

D 

0.13 

0.16 

D 

1.2 

0.0116 

C 

0.0% 

0.24 

D 

5.33  X  10' 

1.33 

B- 

2.5  X  10-"* 

6.6X  10-< 

D- 

Ground  State 
Ionization  Potential 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

311.93 

3 

420.49 

8 

1516.0 

12 

312.61 

3 

421.49 

8 

1532.5 

12 

313.74 

3 

423.84 

8 

1550.6 

12 

317.64 

5 

440.27 

10 

1567.8 

12 

361.25 

4 

489.57 

1 

1608.5 

14 

362.44 

6 

491.25 

1 

1615.9 

14 

363.77 

7 

491.34 

1 

1630.3 

14 

364.46 

7 

494.07 

1 

1634.6 

14 

364.52 

7 

494.16 

1 

1649.4 

14 

366.10 

7 

494.38 

1 

1741.5 

13 

366.23 

7 

528.73 

11 

1747.5 

13 

366.28 

7 

630.65 

9 

1748.3 

13 

414.35 

2 

632.88 

9 

1763.3 

13 

415.55 

2 

638.21 

9 

1770.3 

13 

417.57 

2 

Must  data  are  obtained  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1]  which 
includes  limited  configuration  mixing.  Graphical  comparisons  of  this  material  within  the  isoelec- 
tronic  sequence  depicting  the  dependence  of  /-values  on  nuclear  charge  have  been  made,  and  the 
available  experimental  data  for  the  lower  ions,  mostly  from  lifetime  measurements,  establish  fairly 
definitely  that  the  uncertainties  should  not  exceed  50  percent.  Analogous  graphs  for  the  data  ob¬ 
tained  from  the  Coulomb  approximation  indicate  that  these  values  are  accurate  within  25  percent. 

Reference 

[I]  Cohen,  M.,  and  Dalgarno.  A.,  Proc.  Roy.  Soc.  London  A280,  258-270  (1964). 
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Na  VI 

li*2s"2p“  ••'Po 

172.09  eV=  1388419  cm  ' 

Allowed  Transitions 

List  of  tabulated  lines: 


Na  VI.  Allowed  Transitions 


No. 

Transition 

Array 

Multipl^t 

a(A) 

fitcm"') 

W 

Kk 

4«(10“ 

sec"') 

fik 

5(at.u.) 

Accu¬ 

racy 

Source 

1 

2i*2p»-2s2p» 

3p_JD<> 

492.80 

1265 

204187 

9 

15 

18 

0.11 

1.6 

-0.00 

D  + 

1 

[494.38] 

1858 

204131 

5 

7 

18 

0.092 

0.75 

-0.34 

D  + 

Is 

[491.34 

698 

204222 

3 

5 

14 

0.082 

0.40 

-0.61 

D  + 

Is 

[489.57] 

0 

204260 

1 

3 

10 

0.11 

0.18 

-0.96 

D- 

Is 

[494.16 

1858 

204222 

5 

5 

4.4 

0.016 

0.13 

-1.10 

D- 

Is 

[491.25] 

698 

204260 

3 

3 

7.4 

0.027 

0.13 

-1.09 

D- 

Is 

[494.07] 

1858 

204260 

5 

s 

0.50 

0.0011 

0.0089 

-2.26 

E 

Is 

2 

3p  — 3P® 

416.5.3 

1265 

241341 

9 

9 

47 

0.12 

1.5 

0.03 

D 

1 

[417.57] 

1858 

241341 

5 

5 

35 

0.090 

0.62 

-0.35 

D 

is 

[415.55] 

698 

241341 

3 

3 

11 

0.029 

0.12 

-1.06 

D- 

Is 

[417.57] 

1858 

241341 

5 

3 

19 

0.031 

0.21 

-0.81 

D- 

Is 

[415.55 

698 

241341 

3 

1 

48 

0.041 

0.17 

-0.91 

D- 

Is 

[415.55 

698 

241341 

3 

5 

12 

0.051 

0.21 

-0.82 

D- 

Is 

[414.35] 

0 

241341 

1 

3 

16 

0.12 

0.17 

-0.92 

D- 

Is 

3 

ap— ’5° 

31.3.16 

1265 

320589 

9 

3 

290 

0.14 

L3 

0.10 

D  + 

1 

[313.74] 

1858 

320589 

5 

3 

160 

0.14 

0.72 

-0.15 

D  + 

Is 

[312.61 

698 

320589 

3 

3 

95 

0.14 

0.43 

-0.38 

D-l- 

Is 

[31193] 

0 

320589 

1 

3 

31 

0.14 

0.14 

-0.85 

D  + 

Is 

4 

'D-‘D° 

[361.25] 

35358 

312175 

5 

5 

140 

0.27 

1.6 

0.13 

D 

i 

5 

'D-'P° 

[317.64] 

35358 

350179 

5 

3 

170 

0.16 

0.82 

-0.10 

D 

1 

6 

'S-‘P° 

[362.44] 

74274 

3.50179 

1 

3 

47 

0.28 

0.33 

-0.55 

D- 

1 

7 

2i2p^-2p* 

3D°_ap 

365.31 

204187 

477926 

15 

9 

120 

0.14 

2.5 

0.32 

D 

1 

366.10 

204131 

477277 

7 

5 

99 

0.14 

1.2 

-0.01 

D 

Is 

364.46 

204222 

478597 

5 

3 

86 

0.10 

0.62 

-0.30 

D 

Is 

363.77 

204260 

479156 

3 

1 

120 

0.078 

0.28 

-0.63 

D- 

Is 

366.23 

204222 

477277 

5 

5 

17 

0.035 

0.21 

-0.76 

D- 

ts 

364.52 

204260 

478597 

3 

3 

29 

0.058 

0.21 

-0.76 

D- 

Is 

366.28 

204260 

477277 

3 

5 

1.2 

0.0039 

0.014 

-1.93 

E 

Is 

8 

:ipo_  np 

422.68 

241341 

477926 

9 

9 

29 

0.078 

0.98 

-0.15 

D 

1 

[423.t4] 

241341 

477277 

5 

5 

22 

0.059 

0.41 

-0.53 

D 

Is 

[421.49] 

241341 

478597 

3 

3 

7.4 

0.020 

0.082 

-1.22 

E 

Is 

[421.49] 

241341 

478597 

5 

3 

13 

0.034 

0.14 

-0.77 

D- 

Is 

[420.49] 

241341 

479156 

3 

1 

30 

0.026 

0.11 

-1.11 

D- 

Is 

[423.84] 

241341 

477277 

3 

5 

7.5 

0.033 

0.14 

-1.00 

D- 

Is 

[421.49] 

241341 

47R597 

1 

3 

9.9 

0.079 

0.11 

-1.10 

D- 

Is 

y 

c/^ 

o 

1 

6.15.58 

320.589 

477926 

3 

9 

18 

0.32 

2.0 

-0.02 

D 

1 

[638.21] 

320589 

477277 

3 

5 

17 

0.17 

1.1 

-0.29 

D 

ts 

[o32.88] 

320589 

478597 

3 

3 

18 

0.11 

0.67 

-0.48 

D 

Is 

[630.65] 

320589 

479156 

3 

1 

18 

0.035 

0.22 

-0.98 

D 

Is 

10 

'D°-'D 

[440.27] 

312175 

539310 

5 

5 

120 

0.34 

2.5 

0.23 

D 

1 

11 

'P°-'D 

[528.73] 

350179 

539310 

3 

5 

15 

0.11 

0.55 

-0.48 

D 

1 

12 

2p3s-- 

.ipo^:jp 

2p(*P°)3p 

[1550.6] 

808795 

873287 

5 

5 

3.99 

0.144 

3.67 

-0.143 

C 

ca.  Is 

[1532.5] 

807324 

872577 

3 

3 

1.4 

0.048 

0.73 

-0.84 

D 

ca.  Is 

[1567.8] 

808795 

872577 

5 

3 

2.14 

0.0473 

1.22 

-0.63 

C 

ca.  Is 

[1516.0] 

807324 

873287 

3 

5 

1.42 

0.081 

1.22 

-0.51 

C 

ca.  Is 

17 


NaVl.  Allowed  Transitions  — 6’o/i///iued 


.No. 

Transition 

■Array 

Miilliplel 

A(A) 

A’.irrrM 

EKkm'i 

r~ 

A 

f^k 

TkIIO" 
sec  '  I 

Jik 

.Slal.u.) 

l"g  «/' 

Accu¬ 

racy 

Siiurce 

13 

2p3p- 

;.p  _:.[)» 

2p(T“)3£f 

[1747.5] 

873287 

930510 

5 

7 

2.87 

0.184 

5.3 

-0.036 

c 

ca.  Is 

[1741.5] 

872577 

929999 

3 

5 

2.19 

0.166 

2.85 

-0.303 

c 

ca.  Is 

[176.3.3) 

873287 

929999 

5 

5 

0.70 

0.0327 

0.95 

-0.79 

c 

ca.  Is 

[1748.3] 

872577 

929774 

3 

3 

1.20 

0.055 

0.95 

-0.78 

c 

ca.  Is 

[1770.3] 

873287 

929774 

5 

3 

0.077 

0.0022 

0.063 

-1.97 

E 

ca.  Is 

14 

[1649.4] 

873287 

933915 

5 

5 

1.46 

0.060 

1.62 

-0.52 

c 

ca.  Is 

[1615.9] 

872577 

934463 

3 

3 

0.52 

0.0202 

0.323 

-1.218 

c 

ca.  Is 

i  1634.6] 

873287 

934463 

5 

3 

0.83 

0.0201 

0.54 

-1.000 

t: 

ca.  Is 

1 1608.5] 

872577 

9347i5 

3 

1 

2.10 

0.0271 

0.43) 

-1.090 

c; 

ca.  Is 

[1630.3] 

872577 

933915 

3 

5 

0.,50 

0.0335 

0.54 

-1.000 

c 

ca.  Is 

Na  VI 

Forbidden  Transitions 

The  sources  adopted  i'or  this  ion  are  Naqvi  [1],  Malville  and  Berger  [2],  and  Froese  [3], 
Malville  and  Berger  have  utilized  “spin-orbit”  and  “spin-spin  and  spin-other-orbit"  integrals  by 
Garstang  (Monthly  Notices  Roy.  Astron.  Soc.  Ill,  115  (1951)).  Naqvi's  and  Malville  and  Berger’s 
magnetic  dipole  trac.sitioiis  have  generally  been  averaged  sin(  c  their  methods  are  very  similar. 
But  for  the  ^P— '5  transition,  where  configuration  interaction  is  important.  Malville  and  Berger's 
value,  which  is  obtained  empirically,  has  been  preferred  over  that  of  Naqvi  which  is  based  purely 
on  theory  (see  also  General  Introduction). 

Since  Kroese's  value  of  .5«.  the  electric  qaadrupole  moment,  is  obtained  by  using  the  most 
advanced  self-consistent  field  wave  function  calculations,  we  have  modified  Na<|vi's  and  Malville 
and  Berger's  electric  tiuadrupole  values  by  hers,,. 

Keferences 

|1|  Naqvi.  A.  M,  Thesis  Hatyurd  (lySl). 

12)  Malville.  J.  M..  and  Bei(ier.  R.  A..  Planetary  and  Sjiaee  Science  13,  1131  H96.S). 

131  Kriiese.  (^.  Aslr>i|>liys.  J.  145,  ^32  (1%6). 
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Transitiun 

Array 


Multipfet 


S(at.u.) 


Accu¬ 
racy  Source 


■■■ 


='P-'S 


X(A)  £((cm'') 


[1359.1] 
[  1380.9 J 


/l*/(sec-') 


698  74274  3  1  m  13.4  0.00125 

ia58  74274  5  1  e  0.019  .5.7X10-* 


[2.568.9] 


353.58  74274  5 


3.59  0.239 


fi'round  State 

Ionization  Potential 

Allowed  Transitions 

\s-2s-2p-P] 

208.444  eV=  1681679  cm 

List  of  tabulated  lines: 

Wavelength  (.\|  |  .No. 


Wavelength  [.4]  1  No. 


Wavelength  [4] 


Values  for  the  majority  of  the  transitions  are  calculated  from  the  nuclear  charge-expansion 
method  of  (hihen  and  Dalgarno  [1]  which  includes  limited  configuration  mixing,  (iraiihical  com¬ 
parisons  with  other  data  for  the  lower  ions  t*f  this  isoelectronic  setiiieiice  indicate  that  the  un¬ 
certainties  should  be  within  50  percent.  For  the  ^S  —  3p  -P°  transition  an  /-value  from  the  charge- 
expansion  calculations  of  Na(]vi  and  Victor  [2]  is  available,  which  links  up  well  with  reliahle 
data  available  for  the  lower  ions  as  is  readily  seen  again  from  graphical  coniiiarison. 

For  the  2p^P°  —  3s^S  and  — 3r/*D  multiplels  we  have  obtained  data  by  exploiting  the 

dependence  of  /-values  on  nuclear  charge:  In  these  cases  accurate  data  for  several  other  ions  of 
the  boron  secjiience  are  available  from  extended  self-consistent  field  calc  ulations  by  Weiss  [3]  in 
which  configuration  mixing  is  fully  included.  I'lii'zing  those  values,  which  are  also  siipjcorted  by 
some  exiterimental  results  on  lower  ions,  we  have  obtained  the  /-values  of  the  two  transitions 
simitly  hy  graithical  interixilation. 

References 
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Na  VII.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplrl 

A(A) 

A'llcni"') 

£‘»(cnf') 

•1*((10" 

sec"') 

A 

.Slat.u.) 

1 

25^2p-2i2p-’ 

sp<._  .-D 

190.20 

1 

1426 

20.5426 

6 

16 

0.0% 

0.93 

-0.24 

m 

2139 

205412 

4 

6 

16 

0.56 

B!1 

[486.74] 

0 

2 

4 

14 

0.31 

-0.71 

[491.86] 

2139 

2n'’'44« 

4 

4 

2.6 

-  1.42 

2 

!po_  JS 

, 180.2  7 

1426 

D 

2 

68 

0.C49 

0.37 

-0.53 

mm 

2139 

4 

2 

46 

0.25 

-0.70 

[378.21] 

264400 

2 

2 

22 

0.12 

-1.02 

3 

2p^  3p 

,152.9.5 

lt26 

284740 

6 

6 

0.23 

1.6 

0.14 

[353.29 

2139 

285189 

4 

4 

0.19 

0.89 

-0.12 

[352.2ff 

283869 

2 

2 

83 

0.16 

0.36 

-0.49 

[354.95 

2139 

283869 

4 

2 

41 

-0.81 

0 

285189 

2 

4 

21 

0.078 

-0.81 

4 

2s2p^-2p=‘ 

4p_4S« 

.198.17 

[1161,11] 

[367481] 

12 

4 

1.5 

0,06 

399.21 

[116987 

[367481] 

6 

4 

56 

0.089 

u.T-'. 

-0.27 

[397.52 

[367481] 

4 

4 

-0,42 

[3%.36 

[115187 

[367481] 

2 

4 

24 

0.11 

-0.66 

5 

2D--D° 

48,1.28 

412345 

10 

m 

34 

0.12 

1.9 

0.08 

48.3.33 

412311 

6 

33 

0.12 

1.1 

-0.14 

483.22 

205448 

412395 

4 

4 

0.11 

483.13 

412395 

6 

4 

3.4 

-1.32 

483.41 

20,5448 

412311 

4 

6 

2.3 

0.012 

0.076 

-1.32 

6 

.185.13 

465080 

10 

6 

55 

0.93 

465111 

6 

4 

50 

0.56 

[385.25 

4 

2 

55 

0,061 

0.31 

385.11 

465111 

4 

4 

5.5 

0.062 

-1.32 

7 

ts-jpo 

498.31 

465080 

2 

6 

10 

0.12 

0.38 

-0.62 

[498  23] 

465111 

2 

4 

0.25 

[498.46] 

465017 

2 

2 

11 

0.13 

8 

2p_2D® 

783.72 

284749 

412345 

6 

m 

0.12 

1.9 

[786.65’ 

285189 

412311 

4 

6 

7.6 

0.11 

1.1 

283869 

12395 

2 

4 

6.8 

0.12 

0.63 

[786.13] 

285189 

412395 

4 

4 

1.4 

0.13 

-1.28 

9 

?P  — 2p® 

554.54 

284749 

465080 

6 

6 

34 

0.16 

1.7 

-0.02 

285189 

465111 

4 

4 

28 

0.13 

0,94 

-0.28 

1  ^ 

283869 

2 

2 

23 

0.10 

0.38 

-0.70 

[556.09 

285189 

4 

2 

11 

0.026 

0.19 

-0.98 

[551.75] 

283869 

465111 

2 

4 

5.7 

0.052 

0.19 

-0.98 

10 

2p-('S)35 

2pO_2§ 

105.27 

1426 

951347 

6 

2 

0.025 

0.052 

-0.82 

[105.35] 

2139 

951347 

4 

2 

0.025 

0.035 

-1.00 

[105.11] 

951347 

2 

2 

0.025 

0.017 

-1.30 

11 

2p-('S)3</ 

:po_jD 

94.409 

1426 

1060651 

6 

10 

0.60 

1.1 

0.56 

[94.468] 

2139 

1060699 

4 

6 

0.53 

0.66 

0.33 

[94.288 

1060580 

2 

4 

0.60 

0.37 

0.08 

[94.479] 

2139 

1060580 

4 

4 

0.059 

0.073 

-0.63 

12 

35-('S)3p 

*S-*P° 

[1752.2] 

951347 

1008418 

2 

4 

3.32 

0.306 

3.53 

-0.213 

13 

3p— ('S)3t/ 

2p®  — 2[) 

[1912.7] 

1008418 

1060699 

4 

6 

2.20 

0.181 

4.56 

-0.140 

[1917.1] 

1008418 

1060580 

4 

4 

0.37 

0.020 

0.51 

-1.09 
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Na  VII 

Forbidden  Transitions 

The  line  strength  fur  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

|I|  Nai|vi,  A.  M.,Thr!<ii«  Harvard  (I9SI). 


Na  VII.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

1 

x(A) 

£j(cm"') 

Iftfcm"*) 

((1 

1 

gk 

Type  of 
Transi¬ 
tion 

1 

Sfat.u.) 

Accu¬ 

racy 

Source 

1 

1 

2/>-('S)2p 

«P®— ip® 

! 

[46738] 

0 

2m 

2 

4 

m 

0.0878 

1.33 

■ 

1 

Na  VIII 

(Iround  State  ls*25®  'S.i 

Ionization  Potential  264.155  eV  =  2131139  cm"' 


Allowed  Transitions 


List  of  tabulated  lines; 


Wavelength  (A) 

No. 

W'avelength  [A) 

No. 

Wavelength  [A] 

No. 

/ 

77.267 

6 

497.80 

3 

2059.1 

1C 

r 

f 

98.080 

7 

499.73 

3 

2558.2 

16 

411.15 

2 

788.75 

1 

2772.0 

13 

i 

492.33 

3 

848.73 

4 

3021.0 

15 

(■ 

492.91 

5 

1239.4 

14 

3108.9 

17 

493.97 

3 

1802.7 

11 

3182.3 

8 

V 

495.76 

3 

1367.7 

12 

14401 

9 

4%.25 

3 

Garstang  and  Shamey  [1]  have  obtained  the  /-value  for  the  intercombination  line  2'So-2''Pi 
by  calculating  the  ratio  of  this  line  against  the  resonance  transition  in  the  intermediate  coupling 
approximation  and  by  using  for  the  resonance  line  a  value  calculated  according  to  C.ohen  and 
Dalgarno's  method  (2].  The  data  calculated  from  the  charge-expansion  method  of  (^)lien  and 
Dalgarno  [2].  which  includes  limited  configuration  mixing,  are  estimated  to  be  usually  accurate  to 
50  percent  or  better,  while  the  charge-expansion  method  of  Naqvi  and  Victor  (3|  should  tre  less 
reliable  when  the  effects  of  configuration  interaction  are  strong,  since  these  are  neglected  entirely. 
In  assigning  the  accuracy  estimates  for  these  methods  as  well  as  for  the  Coulomb  approximation  we 
v^ere  to  a  great  extent  guided  by  studying  the  degree  of  fit  of  the  data  into  the  systematic  trends 
along  iseelectronic  sequences. 

References 

|l|  (^arslang.  R.  H.,  and  Shamey.  I .  J..  AsSrophys.  J.  148,  66.S-666  (t%7l. 
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|31  Naqvi.  A.  M..  and  Vidor.  ('..  A..  Technical  Ditcumentary  Re|Hir1  No.  RTD  TDR-63-.’.tt8  tt%4). 
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Na  VIII.  Allowed  Transitions 

N(.. 


1 

2 

3 


4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 
17 


I 

Na  VIII 

Forbidden  Transitions 

Naqvi’s  calculations  [1]  are  the  only  .■i''ailable  source.  The  results  for  the  •'P°  — ''P®  transitions 
are  essentially  independent  of  the  choice  of  fhe  interaction  parameters.  For  the  ''P"— 'P®  transi¬ 
tions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should  be 
partially  included. 

Reference 

|1|  Naqvi.  A.  M.,  Thesis  Harvard  (1951).  ' 

I 

■  I 

i 

I 

;  I 
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Transition 

Array 

A’llem"') 

iiAfem-*) 

1 

1 

.-f*i(10" 

sec-') 

.Siat.u.) 

l"g  «/' 

Siiurce 

25*-2s(*S)2p 

is^_;i|'o 

1 

■■ 

[788.75] 

[126783] 

6.4  X  10-* 

1.8  X  10-' 

4.7  X  10-' 

-4.74 

D 

1/t 

UTi 

1 

o 

411.15 

0 

243223 

45.5 

G  346 

0.468 

C 

2 

2i2p-2p* 

:ipo_;ip 

4%.06 

[/27.59,1[ 

[.129/&tl 

B 

37 

0.14 

2.0 

D-l- 

2 

[4%.25] 

128387 

[329899] 

5 

5 

28 

0.10 

0.83 

D-l- 

Is 

[495.76] 

126783 

[3284941 

3 

3 

9.4 

0.035 

0.17 

D- 

Is 

[499.73] 

128387 

[328494] 

5 

3 

15 

0.034 

0.28 

-0.77 

D- 

Is 

126783 

[3276671 

3 

1 

36 

0.045 

0.22 

D- 

Is 

[492.33] 

126783 

[329899] 

3 

5 

9.5 

0.0,58 

0.28 

-0.76 

D- 

Is 

[493.97] 

126053 

[3284941 

1 

3 

12 

0.14 

0.22 

D 

Is 

'P°-'D 

[848.731 

243223 

361046 

3 

5 

8.0 

0.14 

1.2 

-0.38 

D- 

2 

>P°->S 

[492.91] 

243223 

446099 

3 

1 

73 

0.088 

0.43 

E 

2 

2i‘-2i(*S)3p 

>S-'P° 

[77.267] 

1294214 

1 

3 

2000 

0.55 

0.14 

E 

3 

2s2p-2s('S)35 

ipo_,s 

243223 

1262799 

3 

1 

140 

0.0065 

0.0063 

-1.71 

E 

3 

2s3s-24(*S)3p 

'S-'P° 

[3182.3] 

1262799 

1294214 

1 

B 

0.461 

0.210 

2.20 

C 

3 

2p3j— 

ipo^ip 

RESSH 

1426049 

1432991 

3 

3 

0.00484 

0.0150 

2.14 

-1  347 

C 

ca 

2p(*P“)3p 

1426049 

1474598 

3 

5 

1.80 

0.190 

3.87 

(; 

ill 

ip°-is 

1426049 

1481521 

3 

1 

2.70 

0.0438 

0.78 

-0.88 

c 

ca 

2s3p— 

[1867.71 

1294214 

1347756 

3 

5 

2.01 

0.175 

3.23 

-0.280 

c 

ca 

2s(»S)3d 

2p?p- 

n 

1432991 

1469055 

3 

5 

0.419 

0.080 

2.20 

-0.62 

c 

ca 

2p(»P'’)3d 

ip«>p® 

[1239.4] 

1432991 

1513677 

3 

3 

3.02 

0.069 

O.RS 

-0.68 

c 

ca 

1474598 

1507690 

5 

7 

0.490 

0.094 

4.67 

-0.328 

c 

ca 

[2558.2] 

1474598 

1513677 

5 

3 

0.0226 

0.056 

-2.177 

c 

ca 

>S-'P° 

[3ia»9i 

1481521 

_ 

1,513677 

1 

3 

0.258 

1.15 

-0.95 

c 

ca 
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Na  VIII,  Forbidden  Transitions 


No. 

_ i 

Transition 

Array 

Multiple! 

a(A) 

Ei{cm  “ ' 

) 

l?*(cm-') 

Type  of 
Transi¬ 
tion 

zli-iisec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

B 

2s2i>  —  2s{“S)2i> 

■ 

[  13.70  X  10'] 

[1260.53] 

[126783] 

1 

3 

m 

0.00699 

2.00 

B 

1 

■ 

[62327] 

[126783] 

[128387] 

3 

5 

m 

0.0.557 

2.50 

A 

1 

2 

rtpf  _  ipo 

[8.53.46] 

[1260.53] 

243223 

1 

3 

m 

2.70 

1.87  X  10-^ 

C 

1 

[8.58.81' 

[12678:3 

243223 

3 

3 

m 

2.06 

0.0145 

c 

1 

[870.0.5] 

[128287] 

243223 

.5 

3 

m 

3.18 

2.33X10-^ 

c 

1 

Na  IX 


Ground  State 


ls=‘2s  “S,/2 


Ionization  Potential 


299.78  eV  =  2418520  cm'' 


Allowed  Transitions 


l.ist  of  tabulated  lines: 


Wavelength  |A| 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

53.860 

3 

77.764 

6 

224.17 

11 

.58.201 

7 

77.911 

6 

681.72 

1 

58.279 

7 

77.925 

6 

694.26 

1 

58.291 

7 

81.175 

4 

2487.7 

8 

58.952 

5 

81.3.50 

2535.8 

8 

.59.044 

5 

208.02 

9 

6841.8 

10 

70.615 

2 

223.79 

11 

7103.4 

10 

70.653 

2 

223.99 

11 

7218.2 

10 

For  the  transition  2s  — 2/j.  the  charge-expansion  calculation  of  Cohen  and  Dalgarno  [1]  is  chosen. 
An  uncertainty  of  less  than  10  percent  is  indicated  from  the  graphical  comparison  of  this  value 
with  the  other  material  for  the  same  transition  within  the  isoelectronic  sequence.  Data  for  the  other 
listed  transitions  have  been  obtained  from  the  Coulomb  approximation.  Plots  of  the  dependence 
of  y-value  on  nuclear  charge  for  all  these  transitions  have  been  made  and  show  that  this  material 
connects  up  very  smoothly  with  the  data  for  the  lower  ions  as  well  as  with  the  hydrogenic  value 
for  infinite  nuclear  charge.  Based  on  this  impressive  agreement,  accuracies  of  10  percent  (or  25 
percent  for  some  of  the  smaller  values)  are  indicated. 

Reference 

|I|  Oilifti.  M..  and  Dalgarnn.  A..  Pnic.  Rny.  Soc.  Lnndnti  A280,  2.'>8-270  (1964). 
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NbIX.  Allowed  Transitions 


MAGNESIUM 

Mg  I 


(iruund  State 


1.?»2s*2/>«35*  'S„ 


Ionization  Potential 


7.644  eV  =  61669.14  cm"' 


i 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

2025.82 

4 

3096.89 

9 

5528.40 

10 

2736.54 

15 

3329.92 

11 

7657.8 

24 

2776.69 

3 

3332.15 

11 

8806.76 

6 

2778.27 

3 

3336.67 

11 

8923.57 

25 

2779.83 

3 

3829.35 

5 

9255.78 

19 

2781.42 

3 

3832.30 

5 

9414.96 

21 

2782.97 

3 

3838.29 

5 

10811.1 

20 

2846.72 

12 

4351.91 

16 

10953.3 

26 

2848.34 

12 

4562.48 

1 

10957.3 

26 

2851.66 

12 

4571.10 

1 

10965.5 

26 

2852.13 

2 

4575.3 

1 

11828.2 

8 

2936.74 

14 

4702.99 

13 

12083.7 

17 

2938.47 

14 

5167.32 

7 

14877.6 

18 

2942.00 

14 

5172.68 

7 

15031 

22 

3091.07 

9 

5183.60 

7 

17108.7 

23 

3092.98 

9 

Fur  the  intercumbinatiun  line  3s- 'So  — 3s3p"P|,  Boldt's  [2]  absorption  tube  measurement  is 
avera^sed  with  (iarstanis's  [1]  theoretical  result.  The  latter  has  been  renormalized  by  using  the 
/value  for  the  resonance  line  listed  in  this  table.  Garstang  [1]  has  also  calculated  values  fur  the 
iwo  iiitercombination  lines  3.?- 'So  — 3s3p  ''Po.2,  which  arise  by  the  interaction  of  the  nuclear  mo¬ 
ments  with  the  electrons.  These  values  have  also  been  renormalized  in  the  same  manner  as  above. 
In  the  case  of  the  J  =  0  to  J  =  2  transition,  magnetic  quadrupole  radiation  constitutes  an  important 
contribution  to  the  total  transition  probability.  (See  Mg  I  —  Forbidden  Lines:  see  also  the  General 
Introduction  for  adding  transition  probabilities  of  various  types  of  radiation.)  It  should  be  noted 
that  the  listed  values  for  the  nuclear-spin-induced  transi'ions  are  fur  the  isotope  Mg"';  fur  natural 
magnesium,  the  relative  isotopic  abundances  must  be  taken  into  account. 

From  the  extensive  material  on  the  resonance  line  we  have  selected  the  results  of  Luriu  [3] 
(lifetime  measurement  via  Hanle-effect),  Smith  and  Gallagher  [4]  (same  method)  and  Weiss  [5] 
(Hartree-Fcck  calculations  in  the  dipole  length  approximation,  with  super(>usition  of  configura¬ 
tions).  The  average  of  the  three  values,  which  agree  within  5  percent,  has  been  adopted. 

Fur  the  other  lines,  we  have  made  use  of  three  theoretical  investigations  and  two  experiments. 
The  calculations  by  Weiss  [5],  Zare  [7],  and  Trefftz  [9j  all  emph»y  the  self-consistent  field  approach. 
They  differ  insofar  as  Wei.»s  uses  Hartree-Fock  functions  and  superimposes  many  possible  con¬ 
figurations;  Zare  also  includes  configuration  mixing,  but  starts  with  the  simpler,  less  accurate 
Hartree-Fock-Slater  wavefunctiuns;  and  Trefftz  uses  Hartree-Fock  wavefuiictiuns  but  takes  con¬ 
figuration  mixing  only  partially  into  account.  Weiss'  approach  must  be  considered  as  the  must 
comprehensive  one;  thus  we  have  used  his  values  —  averaged  with  experiment  — in  preference 
over  the  others  and,  when  not  available,  have  chosen  Zare’s  results  over  those  of  Trefftz.  Normally 
the  three  methods  agree  within  15  percent.  Exceptions  are  transitions  which  involve  the  3s3p  'P“ 
state,  where  Zare’s  values  are  much  larger  than  those  of  the  other  two  authors.  However,  for  two 
lines  originating  from  this  state  where  the  experimental  values  of  Kerslen  and  Ornstein  [8]  are 


available,  Zare  agrees  better  with  the  measurements  than  Trefftz,  and  the  average  of  the  experi¬ 
ment  and  Zare's  result  has  been  adopted. 

'’'he  two  experiments  mentioned  above  are  the  anomalous  dispersion  measurements  (»f  Penkitt 
.and  Shabanova  [6]  and  emission  intensity  measurements  of  Kersten.and  Ornsteiit  [8]  with  a 
low-current,  free-burning  arc.  Both  experiments  yield  relative  /-values,  which  have  been  nor¬ 
malized  by  a  least-squares  fit  to  Weiss’  theoretical  results.  The  values  of  Penkin  and  Shabanova 
differ  by  ro  more  than  1-5  percent  from  Weiss’  results,  which  s4)eaks  for  the  reliability  <»f  the  two 
methods.  Therefore,  averages  from  the  tw’o  methods  have  been  used  when  they  (»verlap.  The 
measurements  of  Kersten  and  Ornstein  show  a  m’uch  larger  scatter.  Thus  their  results  are  <»nly 
sparingly  used. 


H 
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Mg  I.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplet 

,\(At 

^]/(cm'*) 

£*(cm-') 

A'l 

A 

//*i(10“ 

sec"') 

flk 

.S(at.u.) 

log  a/ 

Accu¬ 

racy 

Source 

1 

3s’- 

ig-spo 

35(*S)3p 

(1) 

“4562.48 

0 

21911 

1 

5 

2.2X10-'* 

3.5  X  10-'* 

5.3  X  10" 

-11.46 

D- 

In 

4571.10 

0 

21870 

1 

3 

4.3  X  10" 

4.0  X  10-" 

6.1  X  10 

-5.40 

D 

In.  2 

"(4575.3) 

0 

21850 

1 

1 

5.8  X  10-'* 

1.8  X  10-'* 

2.8X  10" 

-11.74 

D- 

In 

2 

•S-'P“ 

2852.13 

0 

35051 

1 

3 

4.95 

1.81 

17.0 

0.258 

B 

3.4.5 

(1  uv) 

3 

3j3p— 3p’ 

.,po-3p 

2779.9 

■imn 

.578.5./ 

9 

9 

5.2 

0.61 

50 

0.74 

C  + 

5.  6n 

(6  uv) 

2779.83 

21911 

57874 

5 

5 

3.92 

0.455 

20.8 

0.357 

(:  + 

Is 

2779.83 

21870 

57833 

3 

3 

1.31 

0.1.52 

4.17 

-0.341 

c 

Is 

2782.97 

21911 

57833 

5 

3 

2.16 

0.151 

6.9 

-0.122 

c 

is 

2781.42 

21870 

57813 

3 

1 

.5.3 

0.204 

5.6 

-0.213 

c 

Is 

2776.69 

21870 

57874 

3 

5 

1.31 

0.2.52 

6.9 

-0.121 

c 

Is 

2778.27 

21850 

57833 

' 

3 

1.76 

0.61 

5.6 

-0.215 

c 

Is 

4 

35*- 

IS-ipo 

2025.82 

0 

49347 

1 

3 

1.2 

0.22 

1.5 

-0.66 

D 

7 

35(’S)4/» 

(2  uv) 

5 

353p— 

•P'>_.iD 

MiHJ 

2I8<)I 

47957 

9 

15 

1.68 

0.619 

70.3 

0.746 

H 

5,  6n 

35(*S)3d 

(3) 

3838.29 

21911 

47957 

5 

7 

1.68 

0.519 

32.8 

0.414 

B 

Is 

3a32.30 

21870 

47957 

3 

5 

1.27 

0.465 

17.6 

0.145 

H 

Is 

3829.35 

21850 

47957 

1 

3 

0.940 

0.620 

7.82 

-0.208 

H 

Is 

3838.29 

21911 

47957 

5 

-■5 

0.420 

0.0928 

5.86 

-0.333 

B 

Is 

3^32.30 

21870 

47957 

3 

3 

0.703 

0.155 

5.86 

-0.333 

B 

Is 

3838.29 

21911 

47957 

5 

3 

0.047 

0.0062 

0.39 

-1.51 

D 

Is 

6 

ipo-iD 

0806.76 

3,5051 

46403 

3 

5 

0.14 

0.28 

24 

-0.08 

1) 

5 

(7) 

7 

3s3p  — 

;ipo_iig 

5l78.:i 

2/89/ 

41197 

9 

3 

1.04 

0.139 

21.3 

0.097 

B 

5.  6n 

3s(*S)45 

(2) 

5183.60 

21911 

41197 

5 

3 

0.575 

0.139 

11.9 

-0.158 

B 

Is 

5172.68 

21870 

41197 

3 

3 

0.346 

0.139 

7.10 

-0.380 

B 

Is 

5167.32 

218.50 

41197 

1 

3 

0.116 

0.139 

2.36 

-0.857 

B 

Is 

26 


Rig-'.  Allowed  Trmsitions  — Continued 


Transition  Multiplet  i  X(A)  £*(cm"'  /?/  /r* 

Array 


sp'—iin 


14877.6 


92.S5.78 


35051  43503  0.26 


2/89/  54192  9  15  0.56 

3096.89  21911  54192  5  7  0.56 

3092.98  21870  54192  3  5  0.420 

3091.07  21850  54192  1  3  0.313 

30%.89  21911  54192  5  5  0.139 

3092.98  21870  54192  3  3  0.233 

30%.89  21911  54192  5  3  0.016 

5528.40  35051  53135  3  5  0.14 


:m4.5  218<)I  51872  9  3  0.31 

3336.67  21911  51872  5  3  0.17 

3332.15  21870  51872  3  3  0.10 

3329.92  21850  51872  1  3  0.034 

2850.0  21891  56968  9  15  0.27 

56968  5  7  0.27 

56968  3  5  0.21 

2846.72  21850  56968  1  3  0.15 

2851.66  21911  56968  5  5  0.068 

2848.34  21870  56968  3  3  0.11 

-  3  0.0076 


2736.54  I  2 
4351.91 


12083.7 


3  0.16 

5  3  0.086 

3  3  0.052 

1  3  0.017 


58443  5  7  0.207 
.58023  3  5  0.21 


54676  5  7  0.170 


54677  15  21  0.105 

57204  5  7  0.089 


57204  15  21  0.0452 


58576  15  21  0.022 


47848  3  9  0.139 


49347  1  3  0.094 

3  9  0.0148 


13  0.01 1 


5(at.u.) 


0.0334 

0.0013 


0.047 

0.043 

0.055 

0.0083 

0.014 

5.5  X  10-< 


log^f  IAccu- 
I  racy 


-0.27  D 


C.86  C 
-0.09  C 


0.221  C 


-0.21  C 


-2.17  D- 


-0.79  C  6n 

-0.52  D-  8n 


0.415  C 


0.63  C+  7 


0.093  C 


Mgi.  Allowed  'Transitions  — Continued 


No 

Transition 

Array 

Multiplet 

mA) 

E((cm'') 

E*(cm-') 

fi 

fk 

^*/(10" 

sec"') 

flk 

S(at.u.) 

I08  «/■ 

Accu¬ 

racy 

26 

3s4p— 

10%2 

47848 

56968 

9 

15 

0.044 

0.13 

43 

0.08 

D 

3s(*S)5d 

10%5.5 

47851 

56968 

5 

7 

0.044 

0.11 

20 

-0.25 

D 

10957.3 

47844 

56968 

3 

5 

0.033 

0.10 

11 

-0..52 

D 

10953.3 

47841 

56968 

1 

3 

0.025 

0.13 

4.8 

-0.88 

D- 

10%5.5 

47851 

56968 

5 

5 

0.011 

0.020 

3.6 

-1.00 

D- 

10957.3 

47844 

56968 

3 

3 

0.018 

0.033 

3.6 

-1.00 

D- 

10%5.5 

47851 

56968 

5 

3 

0.0012 

0.0013 

0.24 

-2.18 

E 

Source 


ca 

Is 

Is 

Is 

Is 

Is 

Is 


^  See  introduction. 


Mg  I 

Forbidden  Transitions 

The  transition  probability  for  that  part  of  the  3s- 'So-3i-3/>’'Pj  transition  which  is  ina}!netic 
quadrupole  radiation  (m.q.)  is  taken  from  calculations  of  (iarstang  [)].  Following!  a  private  com¬ 
munication  by  him,  we  have  renormalized  his  published  value  (For  the  addition  of  transition 
probabilities  arising;  from  various  types  of  radiation,  see  the  (General  Introduction;  also,  for  the 
relation  of  Aki  (m.q.)  to  other  quantities,  see  [1].)  The  data  for  the  and  ''P®—  'P“  majjnetic 

dipole  transitions  are  from  Naqvi’s  calculations  [2].  The  results  for  the  "P®— ■'P°  transitions  are 
essentially  indpendent  of  the  choice  of  interaction  parameters  and  therefore  mure  accurate  than 
those  for  ’P®— 'P*.  For  the  latter  transitions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects 
of  cunfiituratiun  interaction  should  be  partially  included.  For  three  3s3/>— 3s4/>  electric  quadrupoie 
lines,  transition  probabilities  have  been  calculated  by  Miiller  [3],  which  are  consistent  with 
experimental  observations. 
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Mg  I,  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

E((cm-') 

Ef;(cm-') 

Hi 

ft 

Type  of 
Transi¬ 
tion 

/4),((sec-') 

ii(at.u.) 

Accu¬ 

racy 

Source 

1 

3s'‘-3s('‘S)3p 

- 1 

'S-='P 

1 

4.562.48 

0.000 

21911.2 

1 

B 

m,q. 

2.8X10-^ 

E 

In 

2 

3s5p  —  3s(*S)3p 

[49.839  X  lO*  j 

21850.4 

21870.5 

1 

3 

in 

1.45  X  10  ' 

2.00 

A 

2 

[24.555  X  W] 

21870.5 

21911.2 

5 

in 

9.11  X  10  7 

2..50 

A 

2 

3 

llpo^lpo 

[7573.21 

21850.4 

3.5051.3 

1 

m 

m 

l.lOx  (0  " 

5.3  X  10  " 

C 

2 

7.584.7 

21870.5 

3.5051.3 

3 

m 

m 

0.00.50 

2.45  X  10  ' 

C 

2 

7608.2] 

21911.2 

35051.3 

5 

3 

ni 

1..3.5X  10'* 

6.6  X  10  " 

C 

2 

4 

3s3p— 3s(*S)4/> 

:ipo^3po 

3854.97 

21911.2 

47844.4 

5 

53 

81 

D 

3 

3853,% 

21911.2 

47851.2 

5 

25 

63 

D 

3 

3848  91 

21870.5 

47844.4 

3 

H 

18 

27 

D 

3 

28 


Gntund  State 


l5*2s*2p*3s  *Si/2 


Mg  II 


Ionization  Potential 


15.03  eV=  121267.41  cm"' 


Allowed  Transitions 


List  of  tabulated  lines; 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

1026.0 

3 

3538.8 

17 

4481.2 

7 

1239.9 

2 

3538.81 

17 

5264.3 

22 

1240.4 

2 

3.549.52 

18 

6346.8 

21 

2660.8 

10 

3553.37 

18 

7877.05 

13 

2790.77 

4 

3613.78 

12 

78%.37 

13 

2795.53 

1 

3615.58 

12 

7896.4 

13 

2797.99 

4 

3848.2 

8 

8213.99 

14 

2798.0 

4 

3848.21 

8 

8234.64 

14 

2802.70 

1 

3850.39 

8 

9218.25 

11 

2928.63 

5 

4384.64 

15 

9244.27 

11 

2936.51 

5 

4390.56 

15 

9632.2 

20 

3104.8 

9 

4390.6 

15 

10914.2 

6 

3172.71 

19 

4427.99 

16 

10915.3 

6 

317.5.78 

19 

4433.99 

16 

10951.8 

6 

3.534.97 

17 

The  adopted  value  for  the  resonance  line  is  an  average  of  self-consistent  field  calculations 
including  polarization  and  exchange  effects,  by  Biermann  and  Liibeck  [1],  calculations  employing 
a  scaled  Thomas-Fermi  potential  by  Stewart  and  Rotenberg  [2],  and  a  lifetime  experiment  utilizing 
the  Hanie  effect  by  Smith  and  Gallagher  [3j.  The  results  of  the  three  methods  agree  within  a  few 
[tercent.  The  other  transitions  covered  by  Biermann  and  Liibeck  (3p  — 3d  and  3d— 4/)  should  also 
be  quite  accurate,  i.e..  within  10  percent.  Less  refined  self-consistent  field  calculations  (including 
exchange  but  neglecting  polarization)  have  been  undertaken  for  several  other  multiplets  by  Chap¬ 
man.  Clarke  and  Aller  [4].  In  the  remaining  two  transitions  treated  by  Stewart  and  Rotenberg 
— 4/>  and  3s  — 5p)  and  in  all  transitior.s  involving  tbe  5p  state  there  appear  to  be  considerable 
cancellation  effects  in  the  transititm  integral.  Hence,  accuracy  ratings  of  "D”  or  “E"  have  been 
assigned  to  these  transitions. 

For  Mgtt,  a  member  of  the  sodium  isoelectronic  sequence,  it  is  possible  to  utilize  extensively 
the  dependence  of  oscillator  strengths  on  nuclear  charge  for  the  intercumparison  of  analogous 
transitions.  Thus,  the  degree  of  fit  of 'he  individual  /-values  into  the  systematic  trends  has  served 
as  one  of  the  decisive  factors  for  the  choice  of  accuracy  assignments. 
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Mg  II.  Allowed  Transitions 


‘po-’D 
3 


ipo_jD 


\(A)  £((cm-')  £*(cnri'')  pi  Pk  -4^(10" 

sec"') 


2797.9 

27y  ..^3 
2802.70 


[1239,9] 

[1240.4] 

i026.0 

279S.3 


33730  2 

35761  2 

35669  2 

80640  2 

80650  2 

80620  2 

97464  2 

71491  6 

71491  4 

71491  2 

71491  4 

33730  69805  6 

35761  69805  4 

3.5669  69805  2 

71491  80640  10 

71491  806.50  6 

71491  80620  4 

71491  806.50  4 

71491  93800  10 

71491  97464  10 


3848.21  71491  9746<;  6 

3850.39  71491  974.55  4 

[3848.2]  71491  97469  4 

3104.8  71491  10.3690  10 


2660.8  I  71491  109062  10 


10914.2 

10951.8 


9218.25 

9244.27 


78%.37 

7877.05 

[7896.4] 


8234.64 

8213.99 


80640  2 

80650  2 

80620  2 


97469  2 

97455  2 


0.0033 

0.0033 


0.150 

0.166 

0.0162 


0.032 

0.035 

0.0035 


0.0017 

0.0018 

0.0017 


5(at.u.) 


log  gf  Accu-  Source 


2.3  X  10-^ 

1.5  X  10-* 
7.7  X  10-' 

0.0010 

0.920 

0.828 

0.920' 

0.0919 


0.178 

0.149 

0.0290 

0.950 

0.0047 

0.0047 
0.0039 
7.8  XlO-^ 


0.0019 

0.0012 
6.3  X  10-^ 

0.0068 

50.8 


140 

0.60 


0.0010 

6.9  X  10-^ 
3.4  X  10-^ 


27.8 

-0.040 

c + 

0.024 

-2.70 

E 

0.016 

-2.86 

E 

0.0081 

-3.17 

E 

192 

0.87 

(;  + 

115 

0.65 

(:  + 

64 

0.391 

(:+ 

12.9 

-0.305 

(:  + 

42.9 

0.200 

c  + 

28.6 

14.2 

■nti’-il 

BDFril 

(;  + 
(:  + 

I 


Mg  II.  Allowed  Transitions— Con/muerf 


No. 

Transition 

Array 

Multiplet 

MA) 

fc'/(cm-') 

F*(cm-') 

fii 

A* 

/la/dO" 

sec"') 

fik 

S(al.u.) 

log  Af 

Acru- 

racy 

Sourer 

15 

4p— 5d 

4788.6 

80640 

103420 

6 

10 

0.17 

0.08) 

7.0 

-0.31 

D 

4 

(10) 

4390.56 

80650 

103420 

4 

6 

0.17 

0.074 

4.3 

-0.53 

D 

Is 

1384.64 

80620 

103420 

2 

4 

0.14 

0.083 

2.4 

-0.78 

D 

u 

[A3«X).6] 

80650 

103420 

4 

4 

0.017 

0.0050 

0.29 

-1.70 

D 

Is 

16 

1 

S' 

*P“-*S 

4432.0 

80640 

103197 

6 

2 

0.321 

0.0315 

2.76 

-0.72 

c + 

4 

(9) 

4433.99 

80650 

103197 

4 

2 

0.214 

0.0315 

1.84 

-0.90 

c + 

Is 

4427.99 

R0620 

103197 

2 

2 

0.107 

0.0315 

0.92 

— 1.20! 

c+ 

is 

17 

4p  —  6d 

.3.537.6 

80640 

108900 

6 

10 

0.059 

0.019 

1.3 

-0.95 

D 

ca 

(12) 

3538.81 

80650 

108900 

4 

6 

0.059 

0.017 

0.77 

-1.18 

D 

Is 

3534.97 

80620 

108900 

2 

4 

0.050 

0.019 

0.43 

-1.43 

D 

Is 

[3533.8] 

80650 

108900 

4 

4 

0.0098 

0.0018 

0.086 

-2.13 

D 

Is 

18 

4p—7s 

2p'>_2g 

3552.1 

80640 

108784 

6 

2 

0.162 

0.0102 

0.72 

-1.213 

C 

ca 

(11) 

3553.37 

80650 

108784 

4 

2 

0.108 

0.0102 

0.477 

-1.390 

C 

Is 

3549.52 

80620 

108784 

2 

2 

0.054 

0.0102 

0.238 

-1.69 

C 

Is 

19 

4p—8s 

2po_2g 

3174.5 

80640 

112129 

6 

2 

0.097 

0.00490 

0.307 

-1.53 

C 

ca 

(13) 

3175.78 

80650 

112129 

4 

2 

0.065 

0.00489 

0.205 

-1.71 

C 

Is 

3172.71 

80620 

112129 

2 

2 

0.0325 

0.00490 

0.102 

-2.009 

C 

Is 

20 

4d-5/ 

tD_2K° 

9632.2 

93311 

103690 

10 

14 

0.413 

0.80 

255 

0.91 

C 

ca 

(15) 

21 

4d-fif 

6346.8 

93311 

109062 

10 

14 

0.216 

0.183 

38.2 

0.263 

C 

ca 

(16) 

2‘j 

4d-7f 

2D— 

52'' '..7 

93311 

112301 

10 

14 

0.125 

0.073 

12.6 

-0.139 

C 

ca 

(17) 

J _ 

Ground  State 


Mg  III 


lj*2j*2p«  'S« 


lunizatior  Potential 


80.12  eV  =  646364  cm-' 


Allowed  Transitions 

Calculations  by  Kastner,  Omidvar,  and  Underwood  [1],  employing!  Hartree-Fock  wavefunc- 
tions  and  including  intermediate  couplint;,  are  available.  Since  the  calculations  are  based  on  a 
sincle-conficuration  approxiniation  only,  uncertainties  of  up  to  50  percent  are  expected  fur  the 
strung!  lines  and  even  higher  uncertainties  fur  the  weak  lines,  the  latter  being  mure  affected  by 
assumptions  about  the  coupling. 


Reference 

[I]  Kitslnrr,  S.  O..  Omidvar.  K.,  and  Underwood,  J.  H.,  Astrophys.  J.  148,  269-273 
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Mg  III.  Allowed  Transitions 


Mg  IV 

Ground  State  l5’'25*2/>* 

Ionization  Potential  ) 09.29  eV  =  881759  cm*' 

Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  [A| 

No. 

Wavelength  [A] 

No. 

321.00 

1 

1459.6 

4 

1698.9 

3 

323.dl 

1 

1490.4 

4 

1703.4 

3 

1230.3 

5 

1508.8 

4 

1874.6 

2 

1238.7 

5 

1525.2 

7 

1893.9 

2 

1245.2 

5 

1548.1 

7 

1906.7 

2 

1246.6 

5 

1641.0 

3 

1925.7 

2 

1253.7 

5 

1658.9 

3 

1936.9 

2 

1363.4 

6 

1680.0 

3 

1946.2 

2 

1375.4 

6 

1683.0 

3 

1956.6 

2 

The  value  for  the  2s*2p'’  -P®  — 2j2/;*  '■‘S  multiplet  is  calculated  froir4  the  nuclear  charjje-expan- 
sion  method  of  Cohen  and  Dalgarno  [1],  It  may  be  quite  uncertain  since  configuration  interaction 
effects  with  configurations  involving  electrons  of  the  n  =  3  shell,  ’vhich  were  not  included  in  this 
calculation,  may  be  significant.  Inasmuch  as  no  other  material  is  available,  the  Coulomb  approxima¬ 
tion  has  been  used  for  a  number  of  3s  — 3p  and  3p  —  3d  transitions,  where  for  atomic  systems  of 
similar  complexity  it  has  given  fairly  reliable  values. 

Reference 

|I|  Cohen,  M.,  end  Dalgarno,  A.,  Proc.  Roy.  Soc.  London  A280,  258-270  (1964). 
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K 


I 


MgIV.  Allowed  Transitions 


' 

Ni». 

. .  ... 

Transition 

Array 

Multiplet 

x(A) 

£i(cm"') 

Ft 

Fk 

/<»i(10" 

sec"') 

fik 

S(at.u.) 

loggf 

Accu¬ 

racy 

Source 

1 

2s‘.V'-2i2p" 

321.77 

742 

311527 

6 

2 

260 

0.14 

0.86 

D 

1 

1 

f  ^ 

0 

311527 

4 

2 

170 

0.13 

0.57 

-0.28 

D 

Is 

1 

2226 

311527 

2 

2 

87 

0.14 

0.29 

-0.55 

D 

Is 

2 

2p*3s- 

.344572 

.596886 

12 

12 

3.9 

0.21 

16 

0.40 

D 

ca 

2pVy)3p 

[1J93.9 

543727 

596527 

6 

6 

2.8 

0.15 

5.6 

-0.05 

D 

Is 

[1925.7 

545144 

597072 

4 

4 

0.50 

0.028 

-0.95 

Is 

[1936.9 

545962 

597590 

2 

2 

0.61 

0.035 

-1.15 

E 

Is 

[1874.6 

543727 

597072 

6 

4 

1.8 

0.065 

-0.41 

D- 

Is 

[1906.7 

545144 

597590 

4 

2 

3.2 

0.088 

-0.45 

D- 

Is 

[1946.2 

545144 

596527 

4 

6 

1.1 

0.094 

-0.42 

D- 

Is 

[1956.6 

545962 

597072 

2 

4 

1.5 

0.17 

-0.47 

D- 

Is 

3 

[1683.01 

543727 

603143 

6 

8 

5.8 

0.33 

11 

0.30 

D 

ca,  Is 

[1698.91 

545144 

604007 

4 

6 

3.9 

0.25 

5.7 

0.00 

D 

ca,  Is 

[1703.4] 

54.5962 

604667 

2 

4 

2.4 

0.21 

2.3 

-0.38 

D- 

ca.  Is 

[1658.9] 

543727 

604007 

6 

6 

1.8 

0.073 

2.4 

-0.36 

D- 

ca.  Is 

[1680.01 

545144 

604667 

4 

4 

3.1 

0.13 

2.9 

-0.28 

EB 

ca.  Is 

[1641.01 

543727 

604667 

6 

4 

0.31 

0.27 

-1.30 

E 

ra.  Is 

4 

4p_4S° 

1477.8 

544572 

612240 

12 

4 

8.6 

0.094 

5.5 

0.05 

D 

ca 

1459.6 

543727 

612240 

6 

4 

4.6 

0.097 

2.8 

-0.24 

D 

Is 

1490.4 

545144 

612240 

4 

4 

2.8 

0.092 

1.8 

-0.43 

D 

Is 

1508.8 

545962 

612240 

2 

4 

1.4 

0.093 

0.92 

-0.73 

D 

Is 

S 

2p*3p- 

•*P®_^P 

*P*(»P)3d 

[1245.2 

596527 

676837 

6 

6 

5.9 

0.14 

3.4 

-0.08 

D 

ca.  Is 

[1238.7 

597072 

677805 

4 

4 

1.1 

0.026 

E 

ca.  Is 

(1230.3 

5%527 

677805 

6 

4 

4.1 

0.062 

1.5 

-0.43 

D- 

ca,  h 

[1253.7 

597072 

676837 

4 

6 

2.6 

0.091 

1.5 

D- 

ca,  is 

[1246.6 

597590 

677805 

2 

4 

3.4 

0.16 

1.3 

EB 

ca.  Is 

6 

[1375.4] 

604667 

677355 

4 

4 

4.5 

0.13 

2.3 

D 

ca.  Is 

[1363.4] 

604007 

677355 

6 

4 

0.32 

0.0059 

0.16 

-1.45 

E 

ca.  Is 

7 

[1548.1] 

612240 

676837 

4 

6 

6.4 

0.34 

D 

ca.  Is 

[1525.2] 

612240 

677805 

4 

4 

6.7 

0.23 

■1 

D 

ca.  Is 

Mg  IV 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

|I|  Naqvi,  A.  M.,  Th<>si!i  Harvard  (1951). 
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Mg  IV.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

Mk) 

Ek{cm-') 

fi 

Type  of 
Transi¬ 
tion 

/fin(sec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

1 

1 

spo^ipo 

[44911] 

0 

2226 

4 

1 

m 

0.198 

1.33 

A 

1 

Ground  State 
Ionization  Potential 


Mg  V 


Allowed  Transitions 


\s  2s^2p*  ''Pa 
141.23  eV=  1139421  cm-' 


The  values  are  calculated  from  the  change-expansion  method  of  Cohen  and  Dalgarno  [1] 
which  includes  limited  configuration  mixi'  g.  An  additional  value  for  the  'S  — 'P  transition  is 
available  from  the  calculations  of  Bolotin,  Shironas,  and  Braiman  [2],  which  also  include  limited 
configuration  interaction.  For  this  latter  transition,  the  two  methods  agree  fairly  well  and  the 
results  are  averaged.  In  general,  uncertain. ies  should  be  within  50  percent. 


References 

[1]  Cuhtin,  M.,  and  Dalgarno,  A.,  Proc.  Roy.  Soc.  Lmdon  A280,  258-270  |I%4). 

[2]  Boluiin,  A.  B..  Shiroi  as.  I.  I.,  and  Braiman,  M.  Yu..  Vilniaus.  VaUtybinio  v.  Kapsukn  vardn  univrrsileio  Moksln  Darbai 

33,  malemalika  fizika  9,  107-1 12  (1960). 


Mg  v.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

A(A) 

£((cm-') 

A* 

/f*,(10" 

sec*') 

flk 

.S(at.u.) 

loB^f 

1 

24*2p'-252p' 

:ip^,ipo 

353.16 

873 

284027 

9 

9 

120 

0.22 

2.3 

0.30 

D 

1 

[353.09 

0 

5 

5 

88 

0.17 

0.96 

-0.07 

D 

ts 

[353.30 

1 

234827 

3 

3 

29 

0.054 

0.19 

-0.79 

D- 

Is 

[351.09 

1 

284827 

5 

3 

50 

0.055 

0.32 

-0.60 

D- 

Is 

[352.20 

1 

3 

1 

120 

0.075 

0.26 

-0.65 

D- 

Is 

[355.33 

t 

283211 

3 

5 

29 

0.091 

0.32 

-0.56 

D- 

h 

[354.22 

2519 

284327 

3 

40 

0.22 

0.26 

-0.66 

D- 

Is 

2 

•D-'F" 

[276.581 

[36.3481 

5 

3 

200 

0.14 

0.64 

-0.15 

D 

1 

3 

IS_ipo 

[312.311 

[777121 

[397906] 

1 

3 

27 

0.12 

0.12 

-0.92 

D 

1.2 

Mgv 

Forbidden  Transitions 

As  in  the  case  of  NalV  the  adopted  values  are  taken  from  Naqvi[l],  and  Malville  and  Berger  [2]. 
For  a  discussion  on  the  selection  of  values  see  Naiv,  since  the  same  considerations  have  been 
applied. 
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MgV.  Forbidden  Transitions 


No 

Transition 

Array 

Mu.tiplet 

x(A) 

£((cm-') 

ft 

gk 

Type  of 
Transi¬ 
tion 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

sp  —  sp 

[56164] 

0 

1780 

5 

3 

€ 

1.16X10-T 

0.116 

c- 

1.2 

56164 

0 

1780 

5 

3 

m 

0.127 

2.50 

A 

1 

39687' 

0 

2519 

5 

1 

€ 

8.8  X  10-' 

0.052 

C- 

2 

[13.53xl{P] 

1780 

2519 

3 

1 

m 

0.0218 

2.00 

A 

1 

2 

>P-'D 

[27.50.4] 

0 

1 

[36348] 

5 

5 

€ 

0.0017 

7.9xl0-< 

D- 

1.2 

2750.41 

0 

1 

36348 

5 

5 

m 

1.90 

0.0073 

C 

1 

'2892.0 

1780 

1 

36348 

3 

5 

e 

i.9;<io-< 

1.1  xlO" 

D- 

1.2 

'2892.0' 

1780 

1 

36348J 

3 

5 

m 

0.55 

0.00245 

C 

1 

[29.55.2] 

2519 

i 

[36348] 

1 

5 

€ 

6.7X10-* 

4.5X10-* 

D- 

2 

3 

»P-'S 

1 

[1286.8] 

0 

1 

[77712] 

5 

1 

e 

0.027 

5.7X  10-» 

D- 

2 

[1317.0] 

1780 

i 

[77712] 

3 

1 

m 

23 

0.00195 

C 

2 

4 

'D-'S 

1 

[2416.8] 

[36348] 

[77712] 

5 

1 

€ 

4.2 

0.206 

C- 

2 

Mg  VI 


Ground  Stale 


\s^2s^2p^*Stii 


Ionization  Potential 


186.49  eV=  1504581  cm-' 


Allowed  Transitions 

Values  for  all  the  listed  transitions  are  calculated  from  the  nuclear  charge-expansion  method 
of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Judged  from  graphical 
comparisons  with  other  ions  in  the  isoelectronic  sequence  and  from  the  general  success  of  Cohen 
and  Dalgarno's  method  for  similar  at'  mic  systems,  uncertainties  within  50  percent  are  indicated. 

Reference 

1 1]  Cohen.  M..  bnd  Dulgarno.  A..  Proc.  Roy.  Soc.  London  A280,  258-270  (1964). 
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Mg  VI.  Allowed  Transitions 


Mg  VI 

Forbidden  Transitions 

For  this  ion  all  the  values  have  been  taken  from  Garstang  [1],  who  has  improved  Pasternack’s 
earlier  calculations  (Pasternack,  S.,  Astntphys.  J.  92,  i29  (1940)). 

Reference 

(1|  (Uritang,  R.  H..  I.A.U.  Symposium  #34  mi  Planrtary  Nf-bular  h?ld  al  Talrariska  Lomnica,  Czechoslovakia,  Sept.  (1%7). 
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Mg  VII 


Ground  State  lj*25*2p*  “Po 

Ionization  Potential  224.90  eV=  1814430  cm"' 

Allowed  Transition!} 

List  of  tabulated  lines: 


431.22 


1 


1356.4 


1517.4 


8 


Most  data  are  obtained  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1]  which 
includes  limited  configuration  mixing.  Graphical  comparisons  of  this  material  within  the  isoelec- 
tronic  sequence  depicting  the  dependence  of  /-values  on  nuclear  charge  have  been  made,  and  the 
available  experimental  data  for  the  lower  ions,  mostly  from  lifetime  measurements,  establish 
fairly  definitely  that  the  uncertainties  should  not  xceed  50  percent.  Analogous  graphs  for  the  data 
obtained  from  the  Coulomb  approximation  indicate  t«:Jt  these  values  are  accurate  within  25  percent. 


Reference 


{!]  Cohen,  M.,  and  Dalgarno,  A.,  Proc.  Roy.  Soc.  Lindon  A280, 2S8-270  (1964). 

MgVll.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

fdcm*') 

Ai 

A* 

dt,(10“ 

sec*') 

h 

5(at.u.) 

logg/" 

Accu¬ 

racy 

■ 

■ 

1 

2a*2p*-242p-' 

2008 

2.12934 

9 

15 

22 

0.10 

1.3 

D-f 

■ 

[434.92] 

2939 

232865 

5 

7 

21 

0.085 

0.61 

D-f 

B 

[431.32 

1127 

232975 

3 

5 

16 

0.075 

0.32 

D-f 

B 

429.13 

0 

233027 

1 

3 

12 

0.099 

,0.14 

D 

B 

434.71 

2939 

232975 

5 

5 

5.4 

0.015 

'o.ii 

-1.12 

D 

B 

431.22 

1127 

233027 

3 

3 

9.3 

0.026 

0.11 

-1.11 

D 

[434.62] 

2939 

233027 

5 

3 

0.59 

0.0010 

0.0072 

E 

Is 

2 

Sp^.Hpo 

:m.42 

■2008 

.  274922 

9 

9 

55 

0.11 

1.2 

D 

1 

[367.67] 

2939 

274922 

5 

5 

41 

0.083 

0.50 

-0.38 

U 

Is 

[365.24 

1127 

274922 

3 

3 

14 

0.028 

0.10 

E 

Is 

■ 

[367.67 

2939 

274922 

5 

3 

23 

0.028 

0.17 

-0.85 

D- 

Is 

■ 

[365.24 

1127 

274922 

3 

1 

54 

0.036 

0.13 

-0.97 

D- 

Is 

■ 

[365.24' 

1127 

274922 

3 

5 

14 

0.047 

0.17 

-0.85 

b- 

Is 

1 

[363.74] 

0 

274922 

1 

3 

18 

0.11 

0.13 

-0.96 

D- 

Is 

3 

ap_as" 

277.69 

■2008 

362128 

9 

3 

310 

0.12 

0.99 

D-h 

1 

[278.40] 

2939 

362128 

5 

3 

170 

0.12 

0.55 

-0.22 

D-f 

Is 

277.01 

1127 

362128 

3 

3 

100 

0.12 

0.33 

-0.44 

D-l- 

Is 

[276.15] 

0 

362128 

1 

3 

35 

0.12 

0.11 

-0.92 

D-h 

Is 

4 

'D-'D“ 

[319.02] 

[41459] 

[354923] 

5 

5 

160 

0.25 

1.3 

D 

1 

5 

•D-'F* 

[280.74] 

[41459] 

[397655] 

5 

3 

200 

0.14 

0.65 

-0.15 

D 

1 

6 

'S-'r 

[320.50; 

[85647] 

[397655] 

1 

3 

53 

0.25 

0.26 

D- 

1 

7 

2p3s~ 

.Hpo^ap 

1.122.6 

1049701 

11253 12 

9 

9 

6.6 

0.174 

6.8 

0.195 

c 

ca 

2p(‘F“)3p 

1334.3] 

1050906 

1125850 

5 

5 

4.83 

0.129 

2.83 

C 

Is 

({l.ilK  '1 

1048385 

1124937 

3 

3 

1.73 

0.0442 

0.57 

-0.88 

0 

Is 

isiil;  1 

1050906 

1124937 

5 

3 

2.58 

0.0423 

0.94 

-0.67 

C 

Is 

iMrJfi  1 

1048385 

1123745 

3 

1 

6.6 

0.058 

0.76 

-0.76 

C 

Is 

1290.9] 

1048385 

1125850 

3 

5 

1.77 

0.074 

0.94 

-0.65 

r 

Is 

1293.4] 

1047624 

1124937 

1 

3 

2.37 

0.178 

0.76 

-0.75 

(: 

Is 

8 

2p3p— 

»p_;>D" 

1488.2 

/ 12.5.112 

1192507 

9 

15 

3.44 

0.191 

8.4 

0.235 

B 

ca 

2p(*F°)3d 

B 

1487.9 

1125850 

1193061 

5 

7 

3.44 

0.160 

3.92 

B 

Is 

1487.0 

1124937 

1192185 

3 

5 

2.59 

0.143 

2.10 

-0.368 

B 

Is 

1470.4 

1123745 

1191753 

1 

3 

1.98 

0.192 

0.93 

-0.72 

wm 

Is 

1507.5 

1125850 

1192185 

5 

5 

0.83 

0.0282 

0.70 

-0.85 

c 

Is 

1496.6 

1124937 

1191753 

3 

3 

1.41 

0.0474 

0.70 

-0.85 

c 

Is 

1517.4] 

1125850 

1191753 

5 

3 

0.090 

0.0019 

0.047 

E 

Is 

9 

ap^apo 

i.m.s 

11253 12 

1197V25 

9 

9 

2.39 

0.070 

2.87 

C 

ca 

1410.0] 

1125850 

1196770 

5 

5 

1.73 

0.052 

1.20 

-0.59 

C 

Is 

1378.7 

1124937 

1197469 

3 

3 

0.62 

0.0176 

0.239 

-1.277 

C 

Is 

1396.3 

1125850 

1197469 

5 

3 

0.99 

0.0174 

0.399 

c 

If 

1371.1 

1124937 

1197872 

3 

1 

2.51 

0.0236 

0.319 

-1.150 

C 

Is 

1392.1 

1124937 

1196770 

3 

5 

0.60 

0,0290 

0.399 

c 

Is 

1356.4] 

1123745 

1197469 

1 

3 

0.86 

0.071 

0.319 

-1.149 

C 

is 
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Mg  vii 

Forbidden  Transitions 

The  adopted  values  represent,  as  in  the  case  of  Navi,  the  work  of  Naqvi  [11.  Malville  and 
Beriter  [2],  and  Froese  [3].  For  the  selection  of  values,  the  same  considerations  as  for  NaVI  are 
applied,  the  one  exception  beinj;  that  Froese's  magnetic  dipole  values  are  also  used.  Since  the 
observed  energy  levels  are  uncertain,  it  is  felt  that  the  “spin-orbit"  and  “spin-spin  and  spin-other- 
orbit”  integrals  ^  and  T)  calculated  from  her  theoretical  energy  levels  will  be  as  accurate  as  the 
experimental  ones. 
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Mg  VII.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplei 

x(A) 

£i(cm'‘) 

£*(cm-') 

! 

gi 

gk 

1 

■91 

/^wlsec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

2p--2p- 

0 

1127 

1 

3 

m 

0.0258 

2.00 

A 

1.3 

KI-IOCT 

0 

2939 

1 

5 

e 

2.67X10-J 

0.0362 

C 

3 

55173 

1127 

2939 

3 

5 

m 

0.0803 

2.50 

A 

1.3 

[55173] 

1127 

2939 

3 

5 

5.3X10-'' 

0.081 

C 

3 

2 

•P-'D 

0 

41429 

1 

5 

1.3Xl0-< 

3.1  X  10-' 

D 

3 

1127 

41429 

3 

5 

1.30 

0.00368 

C 

1.2,3 

1 

1127 

414291 

3 

5 

4.1X10-^ 

1.2  XIO-^ 

D 

3 

2597.3 

2939 

41429' 

5 

5 

H 

3.39 

O.OIIO 

C 

1,2.3 

[2597.3] 

2939 

[41429] 

5 

5 

0.0023 

8.1  X  10-^ 

D 

3 

3 

"P-'S 

[1183.2 

1127 

m 

3 

1 

m 

37.2 

0.00228 

C 

2,3 

i 

[1209.1] 

2939 

5 

1 

mm 

0.042 

6.5  X  10-' 

D 

3 

i 

4 

'D-'S 

■ 

[2260.8] 

[41429] 

ma 

5 

1 

H 

4.18 

1 _ 

0.147 

m 

3 

i 

! 


i 
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coecroco  eo  eo  eo  eo  eo 


Ground  State 


Mg  VIII 


Ionization  Potential  265.957  eV  =  2145679  cm”' 

Allowed  Transitions 

List  of  tabulated  lines; 


Wavelength  [A) 

No. 

Wavelength  (A) 

No. 

Wavelength  (A| 

No. 

74.858 

11 

342.23 

6 

436.68 

1 

75.034 

11 

342.25 

6 

436.73 

1 

75.044 

11 

342.42 

6 

442.08 

7 

82.598 

10 

352.38 

4 

442.37 

7 

82.824 

10 

353.84 

4 

486.05 

9 

311.78 

3 

356.60 

4 

486.40 

9 

313.73 

3 

428.34 

5 

490.81 

9 

315.02 

3 

428.37 

5 

491.17 

9 

317.01 

3 

428.60 

5 

680.31 

8 

335.25 

<1 

4m 

428.64 

5 

689.67 

8 

moi 

2 

430.47 

1 

690.34 

8 

Values  for  the  majority  of  the  transitions  are  calculated  from  the  nuclear  charge-expansion 
method  of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing,  (iraphical  com¬ 
parisons  with  other  data  for  the  lower  ions  of  this  isoelectronic  sequence  indicate  that  the  uncer¬ 
tainties  should  be  within  50  percent. 

For  the  2p*P®— 3j*S  and  2p*P°— 3<f*l)  multiplets  we  have  obtained  data  by  exploiting  the 
dependence  of  /-values  on  nuclear  charge:  In  these  cases  accurate  data  for  several  other  ions  of 
the  boron  sequence  are  available  from  extended  self-consistent  field  calculations  by  Weiss  [2]  in 
which  configuration  mixing  is  fully  included.  Utilizing  those  values,  which  are  also  supported  by 
some  experimental  results  on  lower  ions,  we  have  obtained  the  /-values  of  the  two  transitions  simply 
by  graphical  interpolation. 
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Mg  viii 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate, 
since  the  energy  level  difference  is  accurately  known. 
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Mg  VIII.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

a(A) 

£i(cm-') 

Pi 

P* 

Type  of 
Transi¬ 
tion 

4w(sec-') 

Sfat.u.) 

Accu¬ 

racy 

Source 

1 

2p-('S)2p 

2po_kpo 

[30258] 

0 

3304 

2 

4 

1 _ 

ni 

0.324 

1.33 

A 

1 

Mg  IX 


Ground  Slate 


\s^2s^  'So 


Ionization  Potential 


327.90  eV  =  2645444  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

62.751 

6 

443.99 

3 

1883.4 

10 

77.737 

7 

445.94 

3 

2201.1 

15 

368.07 

2 

448.28 

3 

2428.2 

12 

439.06 

5 

704.48 

1 

2598.7 

14 

439.17 

3 

751.56 

4 

2814.2 

8 

441.10 

3 

1073.3 

13 

18707 

9 

443.37 

3 

1639.8 

11 

Garstang  and  Shamey  [1]  have  obtained  the  /-value  for  the  inlercombinalion  line  2'So  — 2"P| 
by  calculating  the  ratio  of  this  line  against  the  resonance  transition  in  the  interniediate  coupling 
approximatior  and  by  using  for  the  resonance  line  a  value  calculated  according  to  Cohen  and 
Dalgarno's  method  [2].  The  data  calculated  from  the  charge-expansion  method  of  Cohen  and 
Dalgarno  [2],  which  includes  limited  configuration  mixing,  are  estimated  to  be  usually  accurate  to 
50  percent  rr  better,  while  the  charge-expansion  method  of  Naqvi  and  Victor  [3]  should  be  less 
reliable  when  the  effects  of  configuration  interaction  are  strong,  since  these  are  neglected  entirely, 
in  assigning  the  accuracy  estimates  for  these  methods  as  well  as  for  the  Coulomb  approximation 
we  were  to  a  great  extent  guided  by  «»"dying  the  degree  of  fit  of  the  data  into  the  systematic  trends 
along  isoelectronic  sequences. 
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Mg  IX.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

\(A) 

Eiicm-') 

£/t(cm-*) 

fH 

dk 

A„ao< 

sec"') 

ftk 

S(at.u.) 

Accu 

racy 

Source 

1 

2s*- 

'S-*P° 

r 

2s(*S)2p 

[704.48] 

[141948] 

1 

3 

0.0013 

2.9  X  10  ' 

6.8X10-' 

-4.54 

D 

l/r 

2 

IS-ipo 

[368.07] 

0 

271687 

1 

3 

51 

0.314 

0.380 

-0.50 

C 

2 

3 

2s2p— 2p* 

3po_3p 

443.74 

[/..3/92] 

[368.3(7] 

9 

9 

41 

0.12 

1.6 

0.0^ 

2 

[443.991 

[144420] 

[369650] 

5 

5 

31 

0.092 

0.67 

-0.34 

Is 

443.37 

141948 

3674931 

3 

3 

10 

0.030 

0.13 

-1.05 

Is 

448.28 

144420 

367493 

5 

3 

i6 

0.030 

0.22 

-0.82 

■lE 

Is 

445.94 

141948 

366194 

3 

1 

41 

0.041 

0.18 

-0.91 

D- 

Is 

439.17 

141948 

369650’ 

3 

5 

11 

0.051 

0.22 

-0.82 

EB 

Is 

[441.10 

[140786] 

367495] 

1 

3 

14 

0.12 

0.18 

-0.92 

la 

Is 

4 

'P°-'D 

[751.56] 

271687 

404744 

3 

5 

8.9 

0.13 

0.93 

-0.41 

D- 

2 

5 

ipo_ls 

[439.06] 

271687 

499444 

3 

1 

84 

0.081 

0.35 

-0.61 

E 

2 

m 

2s*- 

'S-'P° 

[62.751] 

0 

1593600 

1 

3 

3300 

0..58 

0.12 

-0.24 

E 

3 

2s(*S)3p 

7 

2s2p- 

ipo-is 

[77.737] 

271687 

1558076 

3 

1 

240 

0.0072 

0.0055 

-1.67 

E 

3 

2s(*S)3s 

8 

2s3s— 

•S-'P" 

[2814.2] 

1558076 

1593600 

1 

3 

0.54 

0.191 

1.77 

-0.72 

C 

3 

9 

J 

2p3s  — 

ipo_ip 

[18707] 

1742772 

1748116 

3 

3 

0.00177 

0.0093 

1.72 

-1.55 

C 

ca 

2p(*P°)3p 

la 

ip°-'D 

[1883.4] 

1742772 

1795863 

3 

5 

1.88 

0.167 

3.10 

-0.300 

C 

ca 

n 

2s3p  — 

ip’-'D 

[1639.8] 

1593600 

1654583 

3 

5 

2.34 

0.157 

2.55 

-0.327 

C 

ca 

2s(*S)3d 

12 

2p3p- 

'P-iD° 

[2428.2] 

1748116 

1789287 

3 

5 

0.498 

0.073 

1.76 

-0.66 

C 

ca 

2p(*P‘’)3d 

13 

ip_ipo 

[1073,3] 

1748116 

1841286 

3 

3 

3.66 

0.063 

0.67 

-0.72 

C 

ca 

14 

'D-'P 

[2598.7] 

1795868 

1834337 

5 

D 

0.61 

0.086 

3.67 

-0.367 

C 

ca 

15 

'D-'P" 

[2201.1] 

1795868 

1841286 

5 

H 

0.0289 

0.00126 

0.0456 

-1.201 

C 

ca 

Mg  IX 

Forbidden  Transitions 

Neqvi's  calculations  [1]  are  the  only  available  source.  The  results  for  the  'P°— ''P®  transitions 
are  essentially  independent  of  the  choice  of  the  interaction  paiameters.  For  the  ■•P°  — 'P°  transi¬ 
tions.  Naqvi  uses  empirical  term  intervals,  i.e..  the  effects  of  configuration  interaction  should 
be  partially  included. 
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Mg  IX.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

£i(cm"') 

£»(cin-') 

fi 

#r* 

3(at.u.) 

Accu¬ 

racy 

Source 

1 

2s2p- 

3p>_:ip> 

r 

1 

2s{*S)2p 

86035] 

[140786] 

[141948] 

1 

3 

m 

0.0282 

2.00 

1 

[40442] 

[141948] 

[144420]; 

3 

5 

1  "> 

0.204 

2.50 

a 

A 

1 

2 

3po_ipo 

1 

763.94] 

1 

140786 

271687 

1 

3 

m 

7.1 

3..52  X  10-< 

C 

1 

1 

[770.78] 

141948 

271687 

3 

3 

m 

391 

0.0199 

c 

1 

1 

[785.75] 

1 

144420] 

271687 

5 

3 

m 

8.2 

4.40  X  10-< 

c 

1 

Mgx 


Ground  State  ls-2s‘''Si/2 

Ionization  Potential  367.36  eV  =  2%3810  rm*' 

Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A| 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

44.050 

3 

63.314 

5 

609.85 

1 

47.231 

6 

65.672 

4 

625.28 

1 

47.310 

6 

65.847 

4 

2212.5 

7 

47.321 

6 

170.21 

8 

2278.7 

7 

57.876 

2 

181.60 

10 

5918.7 

9 

57.920 

2 

181.86 

10 

6229.6 

9 

63.152 

5 

182.03 

10 

6417.5 

9 

63.295 

5 

Fur  the  transition  2s— 2p,  the  charge-expansion  calculation  of  Cohen  and  Dalgarno  [1|  is  chosen. 
An  uncertainty  of  less  than  10  percent  is  indicated  from  the  graphical  comparison  of  this  value 
with  the  other  material  for  the  same  transition  within  the  isoelectronic  sequence.  Data  for  the  other 
listed  transitions  have  been  obtained  from  the  Coulomb  approximation.  Plots  of  the  dependence  of 
/'-value  on  nuclear  charge  for  all  these  transitions  have  been  made  and  show  that  this  material 
connects  up  very  smoothly  with  the  data  for  the  lower  ions  as  well  as  with  the  hydrogenic  value 
for  infinite  nuclear  charge.  Based  on  this  impressive  agreement,  accuracies  of  10  percent  (or  25 
percent  fur  some  of  the  smaller  values)  are  indicated. 
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Mgx.  Allowed  Transitions 


No, 

Transition 

Array 

Multiple! 

\(A) 

/?i(cm"') 

Kt 

/l*i(10" 

sec"') 

/<* 

Slat.u.) 

T  ■ 

logAf 

Accu¬ 

racy 

Source 

1 

1 

WJ 

CM 

2S_2po 

614.90 

— 

0 

162627 

2 

6 

7.38 

0.125 

0.508 

-0.602 

B 

1 

1609.85 

1 

0 

163976 

2 

4 

7.57 

0.0844 

0.339 

-0.773 

B 

U 

[625.28 

] 

0 

159929 

2 

2 

7.00 

0.0410 

0.169 

-1.086 

B 

Is 

2 

2s  —  3/) 

*S— .*p® 

.57,89/ 

0 

1727894 

2 

6 

2120 

0.320 

0.122 

-0.194 

B 

ca 

[57.8761 

0 

1727832 

2 

4 

2120 

0.213 

0.0813 

-0.371 

B 

Is 

[57.920] 

0 

1726519 

2 

2 

2120 

0.107 

0.0407 

-0.670 

B 

Is 

3 

2s— 4p 

2g_2J>0 

[44.050] 

0 

2270148 

2 

6 

970 

0.085 

0.0246 

-0.77 

C  + 

ca 

4 

2p—3s 

*P®— *S 

6,5.789 

162627 

1682648 

6 

2 

1030 

0.0223 

0.0290 

-0.874 

B 

ca 

[65.847] 

163976 

1682648 

4 

2 

685 

0.0223 

0.0193 

-1.050 

B 

Is 

[65.672] 

159929 

1682648 

2 

2 

346 

0.0224 

0.00967 

-1.349 

B 

Is 

5 

2p—3d 

*P°-*D 

6./.249 

162627 

1748692 

6 

10 

6710 

0.671 

0.a38 

0.605 

B 

ca 

[63.295] 

163976 

1743880 

4 

6 

6700 

0.603 

0.503 

0.382 

B 

Is 

63.152 

159929 

1743410 

2 

4 

5610 

0.671 

0.279 

0.128 

B 

Is 

[63.314] 

163976 

1743410 

4 

4 

.1120 

0.0670 

0.0559 

-0.572 

B 

Is 

6 

2p-4d 

2|JO_2[) 

47.284 

162627 

2277489 

6 

10 

2200 

0.123 

0.115 

-0.132 

C  + 

ca 

[47.310] 

163976 

2277694 

4 

6 

2200 

0.111 

0.069 

-0.353 

c + 

Is 

47.231 

159929 

2277182 

2 

4 

1840 

0.123 

0.0383 

-0.61 

C  + 

Is 

[47.321] 

163976 

2277182 

4 

4 

368 

o.oi;.4 

0.0077 

-1.305 

c+ 

Is 

7 

3s— 3p 

*s — 

22:{4.l 

1682648 

1727894 

2 

6 

0.942 

0  211 

3.11 

-0.375 

B 

ca 

[2212.51 

1682648 

1727832“^ 

2 

4 

0.968 

0.142 

2.07 

-0.547 

B 

Is 

[2278.7] 

1682648 

1726519 

2 

2 

CROC 

0.0693 

1.04 

-0.858 

B 

is 

8 

3s  — 4/< 

2S_2po 

[170.21] 

1682648 

2270148 

2 

6 

268 

0.350 

0,392 

-0.155 

C  + 

ca 

9 

3p-3d 

2po_2[) 

6i:t4.0 

1727894 

1748692 

6 

10 

0.0S58 

0.0337 

4.08 

-0.694 

B 

ca 

[6229.6] 

1727832 

1743880 

4 

6 

0.0342 

0.0299 

2.45 

-0.922 

B 

Is 

,5918.7 

1726519 

1743410 

2 

4 

0.0332 

0.0349 

1.36 

-1.156 

B 

is 

[6417.5] 

1727832 

1743410 

4 

4 

0.00521 

0.00322 

0.272 

-1.890 

B 

is 

10 

3p—id 

21»o_2p 

181.79 

1727894 

2277489 

6 

10 

690 

0.57 

2.06 

0.53 

C  + 

ca 

[181.86 

1727832 

2277694 

4 

6 

690 

0.52 

1.24 

0.31C 

C  + 

Is 

181.60 

1726519 

2277182 

2 

4 

580 

0.58 

0.69 

0.064 

C  + 

is 

[182.03 

1727832 

2277182 

4 

_ 

4 

115 

0.057 

0,137 

-0.64 

C  + 

is 

i 


I 

I 


1 

I 

I 

I 

I 

! 


r, 

I 

! 


45 


Mg  XI 


(Ground  State  Is-  'So 

Ionization  Potent  '  1761.23  eV  =  14209200  enr' 


Allowed  Transitions 

The  values  for  this  ion  are  calculated  fnun  the  charge-expansion  method  of  Dalgarno  and 
Parkinson  [1].  From  comparisons  with  the  mttre  refined  variational  calculations  by  Weiss  (2]  for 
lower  members  of  this  isoelectronic  sequence,  uncertainties  are  estimated  not  to  exceed  10  percent. 
It  should  be  pointed  out  that  essentially  identical  results  are  obtained  by  extrapolating  the  data 
of  Weiss  towards  the  high  members  of  the  is»>tlectronic  sequence  (See  fig.  I  of  [2]). 
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Mg  XI.  Allowed  Transitions 


No. 

Transition 

Array 

Multiple! 

X(A) 

£((cm-') 

£a(cin-') 

A 

sec  ') 

flk 

.S'tal.u.) 

Acru- 

racy 

Source 

1 

ls*“  lj2p 

iS-ipo 

[9.1682] 

0 

1090730C 

li 

3 

1.97X10'> 

0.745 

0.0225 

B 

1 

2 

Is'-  li3p 

'S-'P* 

[7.8503] 

0 

12738400 

1 

3 

5.50  X  ItP 

0.152 

0.00394 

-0.818 

B 

1 

3 

Is’— li4p 

iS-lpo 

[7.4732] 

0 

13381100 

1 

3 

2.27  X  10* 

0.0.569 

0.00140 

- 1.245 

B 

! 

1 

4 

Is’— IsSp 

is-ip® 

[7.30%] 

0 

13680600 

1 

1 

3 

1.15  X  10^ 

0.0277 

6.66  X  10  ' 

-1..558 

B 

1 

Oround  State 
Ionization  Potential 


ALUMINUM 

All 

l5''2s='2//3s-’3/>-=P?/2 
5.984  eV  =48279.16  cm  ' 

Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  |A) 

No. 

Wavelength  (A) 

No. 

Wavelength  (A] 

No. 

2118.3 

14 

2367.05 

5 

8772.87 

16 

2123.36 

14 

2372.07 

6 

8773.9 

16 

2123.4 

14 

2373.12 

5 

8773.90 

16 

2129.66 

13 

2373.35 

5 

8828.91 

25 

2134.7 

13 

2378.40 

6 

8841.28 

25 

2134.73 

13 

2567.98 

3 

8912.90 

24 

i.l45..56 

12 

2575.10 

3 

8923.56 

24 

2150.7 

12 

2575.40 

3 

8925.50 

24 

2150.70 

12 

2652.48 

4 

10768.4 

22 

2168.83 

11 

2660.39 

4 

10782.0 

22 

2174.07 

11 

3082.15 

1 

107868 

22 

2174.11 

11 

3092.71 

1 

10873.0 

23 

21W.18 

10 

3092.84 

1 

10891.7 

23 

2204.62 

10 

3944.01 

2 

112.53.2 

15 

2204.67 

9 

3961.52 

2 

11254.9 

15 

2210.06 

9 

5557.06 

20 

11255 

15 

2210.13 

9 

5557.95 

20 

13123.4 

18 

2258.01 

8 

6696.02 

19 

13150.8 

18 

2263.46 

7 

6698.67 

19 

16719.0 

21 

2263.74 

8 

7835.31 

17 

16750.6 

21 

2269.10 

7 

7836.1 

17 

16763.4 

21 

2269.22 

7 

7836.13 

17 

The  adopted  values  for  this  atom  are  taken  from  two  theoretical  and  three  experimental  papers. 
The  theoretical  sources  are  the  self-consistent  field  calculations  by  Biermann  and  Liibeck  [5]  which 
include  polarization  and  exchange  effects,  and  the  calculations  of  Weiss  [2],  in  which  various 
possible  configurations  £ire  superimposed  and  Hartree-Fock  wavefunctions  are  employed.  Weiss 
has  carried  out  his  calculations  in  both  the  dipole  length  and  dipole  velocity  approximations  and 
agreement  between  the  two  is  usually  good:  in  all  the  cases  where  his  results  are  applied,  the 
length  values  are  chosen  as  suggested  by  the  author  as  being  probably  more  reliable  [2]. 

The  experiments  consist  of  anomalous  dispersion  measurements  by  Penkin  and  Shabanova 
[4]  for  the  Sp-ns  and  3p-nc.'  series  and  lifetime  determinations  of  the  3d  state  by  Budick  [1]  by  means 
of  the  Hanie  effect  and  of  the  45  state  by  Demtriider  {3)  by  means  of  the  phase  shift  method,  all 
expected  to  provide  accurate  values.  (This  is  Demtriider's  only  lifetime  measurement  for  All.  His 
fither  results  [3]  are  from  less  accurate  absorption  measurements.)  Penkin  and  Shabanova's  rela¬ 
tive  values  have  been  normalized  in  two  ways  which  lead  to  identical  scales:  (1)  normalization  to 
the  average  of  Weiss’  and  Demtrilder’s  value  for  the  3p-4s  transition,  (2)  normalization  to  Budick’s 
value  for  the  Sp-Sd  transition.  (Weiss'  value  for  this  transition  is  not  nearly  as  reliable  as  for  3p-45.) 

Finally,  it  should  be  noted  that  the  spectroscopic  designations  of  the  d  states  are  questionable; 
the  principal  quantum  number  of  these  states  probably  should  be  reduced  by  one  in  each  case. 
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Al  I.  Allowed  Transitions 


Transition  Multiplet 
Array 


ZsH'S)4d 


3a‘('S)6d 


3sVS)7d 


»po_in 


) 


3092.71 

3082.1.“; 

3092.84 


3961.52 

3944.01 


2575.10 

2567.98 

2575.40 


2660.39 

2652.48 


2373.12 

2367.05 

2373.35 


2378.40 

2372.07 


2269.10 

2263.46 

2269.22 


2210.06 
2204.67 
2210.13 


7.’*(cni-') 

A'f 

.124.16 

6 

32437 

4 

32435 

2 

32435 

4 

2.5348 

6 

25348 

4 

25348 

2 

:mi2 

6 

38934 

4 

38929 

2 

38929 

4 

37689 

6 

37689 

4 

37689 

2 

422.16 

6 

42238 

42234 

42234 

4 

2 

4 

42144 

6 

42144 

42144 

4 

2 

44168 

6 

44169 

44166 

44166 

4 

2 

4 

44273 

6 

44273 

44273 

4.i14S 

45346 

4534-i 

4 

2 

6 

4 

2 

45344 

4 

0.00403 

0.00403 

0.00403 


0.00288 

0.00288 

0.00288 


0.00127 

0.00127 

0.00127 


isH'Sm 


2174.07 

21&3.‘13 


2 


3i*('S)9rf 


46593  4  4  0.046 


1.89  D 


h  » 


1 

1 

All. 

Allowed  Transitions— Corafmaerf 

I 

Transition 

Multipipt 

X(A) 

£i(cm'') 

Hk 

4w(10" 

fik 

/>(at.u.) 

AccU' 

Source 

Array 

m 

sec"') 

racy 

1  13 

3s*3/j  — 

2/33./ 

7.5 

46941 

6 

10 

0.182 

0.0207 

-  1 

0.87 

-0.91 

c 

in 

:l 

3s*('S)l(W 

2134.73 

112 

46942 

4 

6 

0.181 

0.0186 

0.52 

-1.128 

Is 

n 

2129.66 

0 

46941 

4 

0.152 

0.0207 

0.290 

-1.383 

c 

Is 

i 

(2134.7) 

112 

46941 

4 

4 

0.030 

0.0021 

0.058 

-2.08 

D 

Is 

i  14 

3s’3p— 

*P>-*D 

2121.7 

7.5 

47192 

6 

10 

0.123 

0.0138 

0.58 

-1.082 

C 

in 

i 

3s 

2123.36 

112 

47192 

4 

6 

0.122 

0.0124 

0.347 

- 1.305 

C 

Is 

'  }. 

2118.3 

0 

47192 

2 

4 

0.103 

0.0138 

0.192 

-1.56 

C 

Is 

,  f 

'  ’I. 

(2123  4) 

112 

47192 

4 

4 

0.020 

0.0014 

0.039 

-2.26 

D 

Is 

'  i 

3^3d- 

*D-*r 

//2.54 

.32436 

41319 

10 

14 

0.177 

0.471 

175 

0.67 

C 

2 

■  I' 

3s*('S)4/ 

(8) 

11254.9 

32437 

41319 

6 

8 

0.178 

0.450 

100 

0.431 

C 

Is 

11253.2 

32435 

41319 

4 

6 

0.166 

0.472 

70 

0.276 

C 

Is 

1 

(112.551 

32437 

41319 

6 

6 

0.012 

0.023 

5.0 

-0.87 

D 

Is 

1  16 

3s®3rf- 

«D-»r 

8773.4 

32436 

43831 

10 

14 

0.11 

0.17 

49 

0.23 

D- 

ca 

1 

3s*('Sl5/ 

(9) 

8773.90 

32437 

43831 

6 

8 

0.10 

0.16 

28 

-0.02 

D- 

Is 

f- 

8772.87 

32435 

43831 

4 

6 

0.098 

0.17 

20 

-0.17 

D- 

Is 

t 

(8773.9) 

32437 

43831 

6 

6 

0.0069 

0.0080 

1.4 

-1.32 

E 

Is 

i  .  1  17 

3s*3</- 

*D-*F“ 

783.i..5 

324.36 

45195 

10 

14 

0.061 

0.079 

20 

-0.10 

D- 

ca 

3s*('S)6/ 

(10) 

7836.13 

32437 

45195 

6 

8 

0.062 

0.076 

12 

-0.34 

D- 

Is 

'  1' 

7835.31 

32435 

45195 

4 

6 

0.057 

0.079 

8.2 

-0.50 

D- 

u 

■  1 

(7S36.1) 

32437 

45195 

6 

6 

0.0041 

0.0038 

0.59 

-1.64 

E 

Is 

1  18 

3s’4s  — 

/3/.32 

25348 

.3296/ 

2 

6 

0.182 

1.41 

122 

0.450 

C 

2 

1 

3s^'S)4p 

(4) 

13123.4 

25348 

32966 

2 

4 

0.182 

0.94 

81 

0.274 

C 

Is 

1 

13150.8 

25348 

32950 

2 

2 

0.181 

0.470 

40.7 

-0.027 

C 

Is 

1  19 

3s*4s— 

JS-JP” 

6697.0 

25348 

40276 

2 

6 

0.0169 

0.0340 

1.50 

-1.167 

C- 

5 

1 

3s*('S)5p 

(5) 

66%.02 

25438 

40278 

2 

4 

0.0169 

0.0227 

1.00 

-1.343 

C- 

Is 

1 

6698.67 

25348 

40272 

2 

2 

0.0169 

0.0113 

0.50 

-1.65 

C- 

Is 

1 

3s*4s  — 

JS_ipo 

.5.557.4 

2.5348 

4.3.3.37 

2 

6 

0.00425 

0.0059 

0.216 

-1.93 

C- 

5 

.  1 

3s*('S)6p 

(6) 

5557.06 

2.5348 

43338 

2 

4 

0.00425 

0.00394 

0.144 

-2.103 

C- 

Is 

5.557.95 

25348 

43335 

2 

2 

0.00425 

0.00197 

0.072 

-2.405 

C- 

Is 

;  ^  21 

i  *■• 

I 

3s*4p  — 

/6743 

.3296/ 

.389.32 

6 

10 

0.101 

0.71 

235 

0.63 

C 

2 

3s*('S)4</ 

167.50.6 

32966 

38934 

4 

6 

0.101 

0.64 

141 

0.408 

C 

Is 

16719.0 

32950 

38929 

2 

4 

0.085 

0.71 

78 

0.152 

C 

Is 

i  ^ 

16763.4 

32966 

38929 

4 

4 

0.017 

0.071 

16 

-0.55 

D 

Is 

? 

22 

3s*4p  — 

>p»_>D 

10779 

.3296/ 

422.36 

6 

10 

0.0048 

0.014 

3.0 

-1.08 

D 

ca 

» 

3s*('S)5<f 

(13) 

10782.0 

32966 

42238 

4 

6 

0.0050 

0.013 

1.8 

-1.28 

D 

Is 

'• 

10768.4 

32950 

42234 

2 

4 

0.0040 

0.014 

0.99 

-1.55 

D 

Is 

10786.8 

32966 

42234 

4 

4 

8.0X10-^ 

0.0014 

0.20 

-2.25 

E 

Is 

^  23 

3s*4p  — 

*r->s 

10887 

.3296/ 

42144 

6 

2 

0.034 

0.020 

4.3 

-0.92 

D 

ca 

3s’('S)6s 

(12) 

10891.7 

32966 

42144 

4 

2 

0.022 

0.020 

2.9 

-1.10 

D 

Is 

.  'i 

i 

10873.0 

32950 

42144 

4 

2 

0.011 

0.020 

1.4 

-1.40 

D 

Is 

1  i'  24 

3s*4p  — 

«p->_»D 

8920.6 

.3296/ 

44/68 

6 

10 

0.0011 

0.g021 

0.37 

-1.90 

D 

ca 

\ 

3s*('S)6<f 

(14) 

8923.56 

32966 

44169 

4 

6 

0.0011 

0.0019 

0.22 

-2.12 

D 

Is 

!  ' 

8912.90 

32950 

44166 

2 

4 

0.0010 

0.0021 

0.11 

-2.38 

D 

Is 

1  [; 

1 

)  ; 

8925.50 

32966 

44166 

4 

4 

l.JxlO-< 

2.2  X  10' 

0.026 

-3.06 

E 

Is 

! 
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A1;I.  Allowed  Transitions  — Confrnued 


No. 

Transition 

Array 

Multiple! 

X(A) 

£j(cm  ') 

iTklcin-*) 

ft 

/r* 

/f*<(10“ 

see"') 

/(* 

5'(ai.u.) 

■ 

Source 

25 

3j*4p— 

‘P'-'S 

8337. S 

.5295/ 

44273 

i 

2 

0.017 

0.0065 

1.1 

-1.41 

[  1 

D 

mu 

3s*('S)7i 

(i') 

8841.28 

44273 

2 

O.OIl 

0.0065 

0.76 

-1.59 

D 

8828,91 

■iil 

44273 

H 

2 

0.0056 

0.0065 

0.38 

-1.89 

D 

■ 

All 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

(1)  Naqvi,  A.  M..  Thesii  Harvard  (1951). 


A1 1.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplei 

x(A) 

i'lfcm"') 

Hk 

Type  of 
Transi¬ 
tion 

.■fwj.'ec"') 

Sfat.u.) 

Accu¬ 

racy 

Source 

1 

3/;-('S)3/,- 

B 

[89.230  X  lO*] 

0.00 

112.04 

2 

4 

m 

1.26  X  lO-'' 

i..3;i 

A 

1 

(Ground  State 


ls-’2s'^2/>«3s2  'S„ 


Ionization  Potential 


18.823  eV  =  151860.4  cm-' 


Allowed  Transitions 


List  of  tabulated  lines; 


Wavelenjith  [A] 

No. 

Wavelength  |A] 

No. 

Wavelength  [A] 

No. 

1047.9 

17 

1965.4 

10 

5999.76 

37 

1048.6 

17 

1989.85 

9 

6001.81 

37 

1050.0 

17 

2015.4 

6 

6006.42 

37 

1189.2 

15 

2192.6 

5 

6061.11 

40 

1190.1 

15 

2194.2 

5 

6066.38 

39 

1191.9 

15 

2195.4 

5 

6068.46 

39 

1350.2 

18 

2195.5 

5 

6073.23 

39 

1.539.74 

16 

2816.19 

13 

6226.18 

23 

1670.81 

1 

2994.26 

30 

6231.5 

23 

1719.46 

8 

2995.54 

30 

6231.78 

23 

1721.28 

8 

2998.16 

30 

6243.2 

23 

1721.3 

8 

3088.52 

32 

6243.36 

23 

1724.98 

8 

3649.1 

26 

6335.74 

20 

1725.1 

8 

3651.1 

26 

6816.69 

24 

1760.1 

2 

3651.10 

26 

6823.48 

24 

1762.0 

2 

3655.0 

26 

6837.14 

24 

1763.79 

2 

3655.00 

26 

6917.93 

42 

1763.95 

2 

3703.22 

31 

6919.96 

25 

1765.8 

2 

3731.95 

28 

7042.06 

21 

1767.60 

2 

3733.91 

28 

7056.60 

21 

1855.95 

12 

3738.00 

28 

7063.64 

21 

1858.05 

12 

3866.16 

29 

7449.42 

38 

1862.34 

12 

3900.68 

3 

7471.41 

19 

1904.3 

11 

4663.1 

14 

7624.48 

36 

1906.5 

11 

5388.48 

35 

7627.85 

36 

1906.6 

11 

5593.23 

27 

7635.33 

36 

1906.7 

11 

5613.19 

43 

8354.35 

33 

1910.0 

11 

5853.62 

34 

8359.23 

33 

1911.0 

11 

5861.4 

34 

8359.57 

33 

1931.05 

4 

5861.53 

34 

8362.4 

33 

1958.4 

10 

5867.3 

34 

8363.30 

33 

1958.9 

7 

5867.6 

34 

8363.52 

33 

1960.7 

10 

5867.81 

34 

8640.70 

22 

1%5.3 

10 

5971.94 

41 

Weiss'  [I]  values  have  been  calculated  by  means  of  the  method  of  superposition  of  confij:- 
urations,  employin}:  Hartree-Pock  wavefunctions  as  a  startin)!  |K)int.  The  calculations  have  been 
carried  out  both  in  the  dipole  length  and  di|Mile  velocity  approximations.  Zare  [2]  has  performed 
similar  calculations,  also  in  the  lenj^h  and  velocity  forms,  usin}:  however,  the  simpler,  less  accu¬ 
rate  Hartree-Fock-Slate”  wavefunctions.  in  which  exchaii}:e  effects  are  only  approximately  taken 
into  account.  The  dipole  len^tth  values  of  refs.  [I]  or  [2]  are  selected,  bein}:  probably  more  reliable 
than  the  velocity  values,  as  suji^tested  by  the  authors.  (Irossley  and  Dal}:arno's  values  [3]  have 
been  obtained  from  a  char}:e-expansion  technique  which  includes  confi^turation  mixin}:in  a  limited 
way.  There  is  usually  jjood  ajireement  for  those  transitions  where  the  various  calculations  overlap. 
In  these  cases  we  have  chosen  W'eiss’  results  over  Zare's  values  and  these  in  turn  over  ref.  [3]. 


The  accuracy  estimate  has  been  reduced  where  there  is  si^snificant  disa;:reement  between  the 
length  and  velocity  forms  or  where  there  appears  to  he  cancellation  in  the  transition  integral 
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A1 II.  Allowed  Transitions 


.No. 

Transition 

Array 

Multiple! 

x(A) 

Eiicm-') 

£*(cm-*) 

(6 

Kk 

sec'*) 

flk 

S(at.u.) 

log*/ 

Accu¬ 

racy 

Source 

1 

3s*-3s(*S)3p 

■S-'P 

1670.81 

0 

59850 

1 

3 

14.6 

1.84 

10.1 

0.265 

B 

1 

(2  uv) 

2 

3s3p— 3p’ 

3p«_3p 

1764.0 

37517 

94207 

9 

9 

13.1 

0.61 

32.0 

0.74 

C  + 

1 

(5  uv) 

1763.95 

37579 

94268 

5 

5 

9.8 

0.458 

13.3 

0.360 

C  + 

Is 

1763.79 

37434 

94147 

3 

3 

3.29 

0.153 

2.67 

-0.338 

c 

Is 

1767.60 

37579 

94147 

5 

3 

5.4 

0.153 

4.44 

-0.116 

c 

Is 

1765.8) 

37454 

94085 

3 

1 

13.1 

0.204 

3.55 

-0.213 

c 

Is 

1760.1) 

37454 

94268. 

3 

5 

3.30 

0.255 

4.44 

-(i.il6 

c 

Is 

1762.0) 

37392 

94147 

1 

3 

4..38 

0.61 

3.55 

-0.215 

c 

Is 

3 

■P-'D 

3900.68 

59850 

85479 

3 

5 

0.0048 

0.0018 

0.070 

-1.27 

E 

1 

(1) 

4 

'P-'S 

1931.05 

59850 

111637 

3 

1 

10.8 

0.202 

3.85 

-0.218 

C 

1 

5 

3s(*S)3d- 

’D—’P 

2193.8 

95548 

141116 

15 

21 

3.1 

0.31 

34 

0.67 

D 

2 

3prP)3<i 

2192.6 

95547 

141141 

7 

9 

3.2 

0.30 

15 

0.32 

D 

Is 

2194.2 

95548 

141108 

5 

7 

2.7 

0.28 

10 

0.15 

D 

Is 

2195.5 

95549 

141082 

3 

5 

2.6 

o.;ti 

6.8 

-0.03 

D 

Is 

2194.2 

95547 

141108 

7 

7 

0.36 

0.026 

1.3 

-0.74 

D- 

Is 

2195.5 

95548 

141082 

5 

5 

0.50 

0.036 

1.3 

-0.74 

D- 

Is 

2195.4 

95547 

141082 

7 

5 

0.014 

7.1  XIO-^ 

0.036 

-2.30 

E 

Is 

6 

2015.4 

95548 

145150 

15 

15 

4.1 

0.25 

25 

0.57 

D 

2 

7 

sD-sp 

1958.9 

95548 

146598 

15 

9 

6.8 

0.24 

23 

0.55 

D 

3 

8 

3s3p— 3s(’S)3rf 

3p_3D 

1723.2 

37517 

95548 

9 

15 

12.1 

0.901 

46.0 

0.909 

B 

1 

(6  uv) 

(1725.1) 

37579 

95547 

5 

7 

12.1 

0.757 

21.5 

0.578 

B 

Is 

(1721.3) 

37454 

95548 

3 

5 

9.14 

0.676 

11.5 

0.307 

B 

Is 

1719.46 

37392 

95549 

1 

3 

6.79 

0.')03 

5.11 

-0.044 

B 

Is 

(1725.1) 

37579 

95548 

5 

5 

3.02 

0.135 

3.83 

-0.171 

B 

Is 

1721.28 

37454 

95549 

3 

3 

5.07 

0.225 

3.83 

-0.171 

B 

Is 

1724.98 

37579 

95549 

5 

3 

0.34 

0.0090 

0.26 

-1.35 

D 

Is 

9 

■P-'D 

1989.85 

59850 

110088 

3 

5 

14.7 

1.45 

28.5 

0.64 

C  + 

1 

(8  uv) 

10 

3p>-3p(>P)3d 

3p_3D® 

196.3.0 

94207 

145150 

9 

15 

12 

1.2 

70 

1.03 

D 

J) 

1965.3 

94268 

1451.52 

5 

7 

13 

1.0 

33 

0.70 

D 

Is 

1960.7 

94147 

.<5148 

3 

5 

9.1 

0.88 

17 

0.42 

D 

Is 

1958.4 

94085 

14.. '48 

1 

3 

7.0 

1.2 

7.8 

008 

D- 

l.s 

1965.4 

94268 

145U’ 

5 

5 

.3.1 

0.18 

5.8 

-0.05 

D- 

Is 

1960.7 

94147 

145148 

3 

3 

5.2 

0.30 

5.8 

-0.05 

D- 

Is 

1965.4 

94268 

145148 

5 

3 

9.35 

0.012 

0.39 

-1.22 

E 

Is 

11 

3p_3po 

1908.7 

94207 

146598 

9 

9 

8.1 

0.4-1 

25 

0.60 

D 

2 

[1910.9 

94268 

146599 

5 

5 

5.8 

0.32 

10 

0.20 

D 

Is 

1906.6 

94147 

146597 

3 

3 

2.0 

0.11 

2.1 

-0.48 

D- 

Is 

1911.0 

94268 

146597 

5 

3 

3.4 

0.11 

3.5 

-0.26 

D- 

Is 

1906.7 

94147 

146595 

3 

1 

8.2 

0.15 

2.8 

-0..35 

D- 

Is 

1906.5 

94147 

146599 

3 

5 

2.0 

0.19 

3.5 

-0.24 

D- 

Is 

1904.3 

94085 

146597 

1 

3 

2.7 

0.45 

2.8 

-0.35 

D- 

Is 

52 


A1 11.  Allo’.ved  Transitions -Coralmu«ki 


£t(cni-') 

ft 

91271 

9 

91271 

5 

91271 

3 

91271 

1 

95348 

3 

106918 

5 

121481 

9 

121480 

5 

Array 


353p— 35(’S)4i 


3p*— 3i(*S)4p 
3s3p—3s(*S)M 


3j3p-3j(*S)5<il  3P»._3D 


3a3<i-3s(*SH/ 
3i3(i— 3i(*S)5p 
3i4a— 3i(*S)4p 


354p-35(*S)4rf  1  ap'-’D 


354p— 3s(*S)55 


7042.06 

7056.60 


6243.36 

6231.78 

6226.18 

[6243.2] 

[6231.5] 

[6243.2] 


6837.14 

6823.48 

6816.69 

6919.96 


sec"') 


7.44 


1  3.83 

0.53 


124792  3 

132820 

132820 
132820 
132820 


28 

28 

28 


8.8 

15  0.64 


5  4.8 

0.94 


105438  3 


05424  3 

06918  1 

53  121481 


48 
481  I  1 


120090  5 


3 

1 


121365  3 


/(*  S(al.u.)  log  gf 


0.050 

0.044 

0.059 

0.0089 

0.015 

5.9  X  10-< 


1.8X10-^ 


7.09 

0.065 

3.94 

-0.190 

2.36 

-0.412 

0.788 

-0.889 

4.22 

-0.341 

8.0 

-0.284 

2.1 

-0.28 

0.98 

-0.60 

0.52 

-0.88 

0.23 

-1.23 

0.17 

-1.35 

0.17 

-1.35 

0.012 

-2.53 

7.9 

0.19 

0.55 

Alii.  Allowed  Transitions— Continued 


No.  Transition  Multiplet  X(A)  £*(cni"')  gt  gk 

Array  see”') 


3653.00 

3651.10 


3738.00 

3733.91 

3731.95 

I 

3866.16 


32820  9  15 


32820  3  5 

32820  1  3 

32820  5  5 

32820  3  3 

32820  5  3 

18  133914  3  5 


53  132213  9  3 

32213  5  3 

32213  3  3 

32213  1  3 

32776  3  1 


0.077 
0.069 
0.092 
0.014 
0.023 
9.1  X  10-^ 


log  gf  Accu-  Source 
racy 


38812  9  15 


2998.16 

2995.54 

2994.26 

2998.16 

2995.54 

2998.16 


138812  1  5  7 

3  5 


0.021 

0.019 

0.025 

0.0037 

0.0062 

2.5  X  lO--* 


3703.22 


3088.52 


15  21 


8354.35 

8359.57 


8359.23 

8363.30 


D 

0.51  D 
0.35  D 
-0.39  D- 
-0.39  D- 
- 1.92  E 


2  9  15 


7635  33 
7627.85 
7624.48 
7635.33 
7627.85 


7635.33  1  125719  I  138  2  1  5  |  3 


0.15 

0.15 

0.17 

0.013 

0.019 

3.8X10-< 


0.11 

0.095 

0.13 

0.019 

0.032 

0.0013 


14 

7.2 

3.3 

2.4 
2.4 
0.16 


A!  II.  Allowed  Transitions— Coraimuec? 


No. 

Transition 

Array 

Multiple! 

\(A) 

£((cm"') 

£*(cm-') 

ft 

1 

see"') 

fik 

5(at.u.) 

log*/' 

37 

3s5p  —  3s{^S)ld 

6004.4 

123713 

142363 

9 

15 

0.034 

0.031 

5.5 

-0.55 

D 

ca 

(93) 

6006.42 

125719 

mmim 

5 

7 

0.034 

2.6 

-0.89 

U 

Is 

6001.81 

3 

5 

0.026 

0.023 

1.4 

-1.16 

D 

Is 

5999.76 

Ir!*  iiil 

142363 

1 

3 

0.019 

0.61 

-1.51 

D- 

Is 

6006.42 

Itw  ici 

142363 

5 

5 

0.0085 

0.0046 

0.45 

-1.64 

D- 

is 

6001.81 

■ki' 

142363 

3 

3 

0.014 

0.0076 

0.45 

-1.64 

D- 

is 

6006.42 

^  IQ 

142363 

5 

3 

9.2  X  10-* 

3.0X  10-< 

0,030 

-2.82 

E 

is 

38 

o 

1 

6 

7449.42 

125867 

142607 

3 

5 

0.12 

0.16 

12 

-0.32 

D 

ca 

(98) 

39 

355p— 35(*S)8j 

6071.] 

12.3713 

142180 

D 

3 

0.076 

0.014 

2.5 

-0.90 

D 

ca 

(92) 

11 

6073.23 

125719 

142180 

3 

■mi' 

0.014 

1.4 

-1.15 

D 

is 

6068.46 

125706 

142180 

H 

3 

0.014 

0.84 

-1.38 

D 

is 

6066.38 

125701 

142180 

1 

3 

0.0085 

0.014 

0.28 

-1.85 

D 

is 

40 

ipo_,s 

6061.11 

125867 

142361 

3 

1 

0.076 

0.014 

0.84 

-1.38 

D 

ca 

(99) 

41 

3s5p  — 3s(®S)8d 

ip^-'D 

5971.94 

125867 

144780 

3 

5 

0.049 

0.044 

2.6 

-0.88 

D 

ca 

(100) 

42 

3s5d— 3s(*S)6/ 

o 

"l 

o 

6917.93 

133914 

139243 

5 

B 

0.16 

0.16 

18 

-0.10 

D 

ca 

(75) 

I 

43 

3s5d-3s(*S)7/ 

1 

o 

5613.19 

133914 

142602 

5 

0.070 

0.046 

4.3 

-0.64 

D 

ca 

(77) 

_ 1 

1 

A1 II 

Forbidden  Transitions 


Naqvi's  calculations  [1]  are  the  only  available  source.  The  results  tor  the  »p°— •'P°  transitions 
are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  *P®  — 'P  transi¬ 
tions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  confi^'uration  interaction  should  be 
partially  included. 

Reference 

[II  Naqvi.  A.  M.,  Thesis  Harvard  (1951). 


A1 II.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

£/(cm"') 

£»(<m‘') 

ft 

ft 

Type  i>f 
Transi¬ 
tion 

■■tKlsec"') 

.S(at.u.) 

Accu¬ 

racy 

Source 

1 

.3s.3/)— 3s(-S).3/< 

;tpo_:ipo 

[16.18  X  10'] 

37,392.0 

374.53.8 

1 

3 

m 

4.24  X  l()-« 

2.00 

B 

1 

[79.66X-10'] 

374.53,8 

37579.3 

3 

5 

m 

2.67  X  10-' 

2..5() 

B 

1 

2 

;tpo_  tpo 

4451.6 

37392.0 

59849.7 

1 

3 

nt 

0.00288 

2.83  X  10-' 

C 

1 

4463.9 

374.53.8 

.59849.7 

3 

3 

m 

0.57 

0.00.56 

C 

1 

4489.0’ 

37.579.3 

59849.7 

5 

3 

m 

().(X),3.51 

3..53X  10-' 

C 

1 

A1  111  1 

(Ground  State  l4-2.s-2/.>'‘3i  -Si  ■>  S 

lunizatiun  Potential  28.44  eV  =  229453.99  cm' '  J 


Allowed  Transitions 

l.ist  of  tabulated  lines: 


Wavelength  (A) 

T 

No. 

Wavelength  |Al 

No. 

Wavelength  [A] 

No. 

560.3‘R) 

3 

1862.78 

1 

4.357.24 

15 

695.817 

2 

1935.9 

7 

4364.59 

15 

696.212 

2 

328.3.11 

16 

4512..54 

11 

1162.6 

9 

3287.37 

16 

4.528.91 

11 

1352.8 

8 

3601.62 

6 

4.529.18 

11 

1379.6 

5 

.3601.92 

6 

4701.65 

14 

1384.2 

5 

;3612.;i5 

6 

4'>03.71 

17 

1605.7 

4 

3702.(W 

12 

5260.91 

19 

1611.88 

4 

3713.10 

12 

5696.47 

10 

1611.9(; 

4 

398(l..56 

18 

5722.65 

10 

ia54.72 

1 

41.50.1 

1.3 

Self-consistent  field  calculations  includinj'  exchange  effects  have  been  carried  out  by  Weiss 
[1]  and  by  Chapman.  Chrke,  and  .Aller  [31  for  several  multiplets  of  this  ion.  Weiss*  values  have 
been  calculated  with  both  the  dipole  length  and  dipole  velocity  formulas  which  agree  usually  within 
a  few  percent.  Stewart  and  Rotenberg  [2]  who  developed  a  method  employic.g  a  scaled  Thomas- 
Fermi  pi^Jential,  have  applied  this  to  several  A1  III  transitions,  including  35-5/).  which  is  not  covered 
by  the  other  authors.  Good  agreement  exists  among  the  various  calculations,  including  the  Coulomb 
approximation,  for  the  few  cases  wh“re  they  overlap.  Cancellation  occurs  in  var>ing  degrees  for 
the  3s-4/),  3,5-5/).  5/)-6f/.  and  5/)-7d  transitions,  which  are  mostly  covered  by  the  ('ouloinb  approxi¬ 
mation.  In  these  cases  the  accuracy  rating  has  been  reduced.  We  have  ad.rpted  the  values  of 
Weiss  (1).  i.e..  the  average  of  his  dijrole  length  and  dipole  velocity  values,  when  we  had  a  choice 
between  different  calculations.  Furthermore,  the  results  of  Refs.  [2]  and  (3]  were  chosen  in  prefer¬ 
ence  to  the  Couhrmb  apirroximation. 

Weiss  [1]  has  also  carried  out  calculations  for  the  doublet  ratios  of  those  transitions  for  which 
he  has  calculated  absolute  /-values.  His  results  indicate  that  the  doublet  ratios  follow  LS-coupling 
quite  well,  in  direct  disagreement  with  the  experimental  resullt*  of  Kisiel  |4j  who  has  measured  the 
intensity  ratios  of  various  transitions  connected  with  the  3/)  stale.  It  ai>pears  that  Kisiel  has  failed 
to  adequately  investigate  the  effects  of  seif  absorption  which  are  probably  quite  im]>ortant  in  this 
experiment. 

For  A1  111,  a  member  of  the  sodium  is<)electronic  sequeni'e.  it  is  possible  to  utilize  extensively 
the  dependence  of  oscillator  strengths  on  nu'.'lear  charge  for  t'ne  intercomparison  of  analogous 
transitions.  Thus,  the  degree  of  fit  of  the  ir.iilviduai /-values  into  the  systematic  trends  has  served 
as  one  of  the  decisive  factors  for  the  choice  of  accuracy  assignments. 


References 

|l|  Weiss.  A.  W..  Ic)  be  published  (1969). 

|2|  Slewarl.  J.  C..  and  RnlenberK.  M..  I’hys.  Rev.  140,  l.')08A-I.SI9A 

(3)  Chapman,  R.  D..  Clarke,  W.  H  .  and  Aller,  I..  H.,  Asin.phys.  J.  144,  376-.)80  (P)66). 

|41  Kisiel,  A..  At-la  Phys  Puliin,  23,  167-17.5(1963). 
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A1  III.  Allowed  Transitions 


No. 

Tran»iitioii 

.Mulliplet 

X(A) 

filcm"') 

EitU-m  ') 

Mi 

/tj.jdO"  sec') 

.SUl.u.) 

1")!  /(f 

Accu- 

Source 

Array 

raty 

1 

3s  — if) 

IHS7.4 

0 

.5.7879 

2 

6 

5.64 

0.875 

10.7 

0.243 

B 

1 

(1  uv) 

1854.72 

0 

53917 

2 

4 

5.67 

0.585 

7.14 

0.066 

B 

is 

1862.78 

0 

53684 

2 

2 

5.60 

0.291 

3.57 

-0.235 

B 

Is 

2 

3s  —  4p 

69.1.97 

0 

74.7684 

2 

6 

0.52 

0.011 

0.052 

-1.64 

D 

1 

(2  uv) 

695.817 

0 

143712 

2 

4 

0.53 

0.0076 

0.035 

-1.82 

D 

Is 

696.212 

0 

143632 

2 

2 

0.51 

0.0037 

0.017 

-2.13 

D 

Is 

3 

3s  —  5f> 

(3  KV) 

.560.390 

0 

178455 

2 

6 

0.48 

0.0068 

0.025 

-1.87 

D 

2 

4 

ip  —  id 

=r--D 

/699.9 

.5.78.79 

7.7.59.56 

6 

10 

14.5 

0.937 

29.8 

0.750 

B 

1 

1611.90 

53917 

1159.55 

4 

6 

14.4 

0.843 

17.9 

0.528 

B 

Is 

1605.7 

.53684 

1 15957 

2 

4 

12.1 

0.939 

9.93 

0.274 

B 

Is 

1611.88 

.53917 

115957 

4 

4 

2.42 

0.0942 

2.00 

-0.424 

B 

Is 

.3 

if)  —  4s 

i.m.T 

5.78.79 

126163 

6 

2 

13.5 

0.129 

3.51 

-0.111 

C  + 

1 

[1384.2] 

[1379.6] 

53917 

126163 

4 

2 

8.9 

0.129 

2.34 

-0.287 

c  + 

Is 

53684 

126163 

2 

2 

4.51 

0.129 

1.17 

-0.59 

c  + 

Is 

6 

id-\p 

•JD-il« 

.169.1.4 

//.5956 

74.7684 

10 

6 

1.49 

0.174 

20.7 

0.242 

c  + 

1 

(1) 

3601.62 

1159.55 

143712 

6 

4 

1.34 

0.174 

12.4 

0.020 

c  + 

Is 

3612.35 

115957 

143632 

4 

2 

1.48 

0.145 

6.9 

-0.236 

c  + 

Is 

3601.92 

115957 

143712 

4 

4 

0.150 

0.0291 

1.38 

-0.93 

c+ 

Is 

7 

id-Af 

[1935.9] 

//59.56 

167612 

10 

14 

12.2 

0.96 

61 

0.98 

c+ 

ca 

8 

id -if 

[1352.8] 

//59.56 

189875 

10 

14 

4.40 

0.169 

7.5 

0.228 

c 

ca 

9 

i<l-6f 

[1162.6] 

115956 

201970 

10 

14 

2.1 

0.061 

2.3 

-0.21 

‘  D 

ca 

10 

4s  —  Ap 

-S-'-P 

.3795.9 

126163 

74.7684 

2 

6 

0.878 

1.29 

48.3 

0.412 

B 

1 

(2) 

>696.47 

126163 

143712 

2 

4 

0.882 

0.359 

32.2 

0.235 

B 

Is 

5722.65 

126163 

143632 

2 

2 

0.870 

0  427 

16.1 

-0.069 

B 

is 

11 

Ap  —  Ad 

n’°--D 

t.m.j 

imdt 

76.5786 

6 

10 

2.56 

1.31 

117 

0.90 

C  + 

3 

(3) 

4529.18 

14,3712 

165785 

4 

6 

2.54 

1.17 

70 

0.67 

C  + 

Is 

4512.54 

143632 

165787 

2 

4 

2.15 

1.31 

38.9 

0.418 

C 

1$ 

4528.91 

143712 

165787 

4 

1 

0.426 

0.131 

7.8 

-0.281 

c+ 

1$ 

12 

Ap  —  5s 

.7799.2 

74.7684 

170636 

6 

2 

3.42 

0.235 

17.2 

0.149 

c  + 

3 

(41 

3713.10 

143712 

170636 

4 

2 

2.27 

0.235 

11.5 

-0.027 

c  + 

Is 

3702.09 

143632 

170636 

2 

2 

1.14 

0.235 

5.7 

-0.328 

c+ 

Is 

13 

All -if 

"-D--r 

Hid.l 

76.1786 

199875 

10 

14 

2.19 

0.79 

108 

0.90 

c+ 

3 

(5) 

14 

Af-id 

jp_-l> 

4701.65 

167612 

108876 

14 

10 

0.079 

U.019 

4.1 

-0.58 

D 

ca 

(6) 

1.3 

ip  —  ftd 

4.762.9 

I7H455 

201374 

6 

10 

0.084 

0.040 

3.5 

-0.62 

D 

ca 

(9) 

4364.59 

178470 

201374 

4 

6 

0.082 

0.035 

2.0 

-0.85 

D 

Is 

4357.24 

178430 

20’ 374 

2 

4 

0.070 

0.040 

1.2 

-1.10 

D 

h 

4364.59 

378470 

201374 

4 

4 

0.014 

0.0039 

0.23 

-  1.80 

D 

is 

57 


Aim.  Allowed  Transitions— Confm/zed 


Al  IV 

(Iround  State  ls-2s-2p“  ’S,, 

Ionization  Potential  119.%  eV  =  %7783  cm  ' 

Allowed  Transitions 

Calculations  by  Kastner.  Omidvar,  and  Underwood  [1 ).  employing  Hartree-Fock  wuvei’unction.x 
and  including  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a  single- 
configuration  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the  strong 
lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by  assumptions 
about  the  coupling. 


Reference 

[1]  Kastner,  S.  O..  Omidvar.  K..  and  Underwood.  J.  H..  Aslrophys.  J.  148,  269-273  (t%7). 

Al  IV.  Allowed  Transitions 


No. 

Transition 

Array 

Multi|ilet 

a(A) 

A’it.  m  ') 

Fttcni  ') 

A 

•dAidtrsec  M 

,/.*■ 

.Stilt. It. 1 

a7 

1 

Aren- 

rac\ 

1-  ' 

.Sniirce 

1 

2p“-2p'(-’l^,.;)35 

'S- 

•Ipo 

[161.69] 

0 

618478 

1 

3 

13 

0.015 

0.(M)80 

-  1.82 

K 

1 

2 

2p“-2p*(-'Pf,)3s 

'S- 

l|io 

[160.07] 

0 

624721 

1 

3 

170 

0.20 

O.ll 

-0.70 

1) 

1 

3 

2p“-2/r'i-P^.l3d 

'S- 

;iJ>o 

[131.65] 

0 

759601 

1 

3 

4.7 

0.(K)37 

().(M)I6 

-2.43 

K 

1 

4 

2p"-2p'(-P,?,)3d 

'S- 

||>0 

[130.37] 

0 

767041 

1 

3 

630 

0.48  ! 

1 

0.21 

-0..32 

1) 

1 

5 

_ i 

2p“-2p-(-P?..)3d 

'S- 

iD° 

[129.73] 

0 

770836 

j 

1 

3 

340 

0.26 

0.11 

-0..59 

1) 

j  1 

56 


1 


A1  V 


(>r<iuiid  State  l5-2s‘2p''  -Ps/i 

Ionization  Potential  153.77  eV  =  1240600  cm  ' 


Allowed  Transitions 

The  value  for  the  2s-2p'' —  2s2p* -S  muhiplel  is  calculated  from  the  nuclear  charge-expan¬ 
sion  method  of  (lohen  and  Dalgarntj  (Ij.  It  may  be  quite  uncertain  since  configuration  interaction 
effects  with  {'onfigurations  invcdving  the  n  =  3  shell  electrons,  which  were  not  included  in  this 
calculation,  may  be  significant. 


Reference 

|1|  Oihen,  M.,  and  Ualgarnn,  A..  Hror.  Roy.  Soc.  l.(indon  A280,  258-270  ( 1964). 


Alv.  Allowed  Transitions 


No. 

Transition 

.Array 

Mii)li|)lct 

X(.A) 

Kiii  in  ') 

ft  (cm  ') 

fit 

/<i/tl0"  see"') 

/.t 

.Stal.ii.) 

1 

l"g«/' 

Ar<*u- 

racy 

Source 

1 

2s-2/)''  —  2s2/>'‘ 

2|.o_2S 

2rv..i9 

1147 

3.58810 

6 

2 

320 

0.12 

0.68 

-0.14 

D 

1 

1 

j 

1278.70] 

0 

338810 

4 

2 

210 

0.12 

0.45 

-0.32 

D 

Is 

J 

[281.40] 

3440 

358810 

2 

2 

100 

0.12 

0.23 

-0.62 

D 

Is 

Al  V 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 


|1|  Naqvi.  A.  M..  Thesis  Harvard  (1951). 

Al  V.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

KAim  ') 

Ait  ti  m  ') 

Ht 

Type  of 
Transi¬ 
tion 

./ntsec  ’) 

SMat.u.) 

Accu¬ 

racy 

Source 

1 

2/r->-2// 

e 

1 

e 

[29062] 

0 

3440 

4 

2 

1 

m 

0.731 

1..33 

A 

1 

59 

508-022  0-69—7 


A1 VI 


(•round  Stale 


\s-2s^2i>*''l\ 


Ionization  Potential 


l'>().42eV=lS.%3(H)eiii  ' 


Alhiwed  Transitions 

The  values  are  calculated  from  the  eharire-expaii.sion  method  of  (.olien  and  Dalgarno  [1 1  which 
includes  limited  confit'uratioii  luixiii}:.  From  coinparisoits  with  other  ions  in  the  isoelect ronic 
se(|iience,  uncertainties  should  lie  within  fit)  |iereent. 

Hefereiiee 


|1|  Cohen,  M..  and  Dalgarno.  A..  I'ror.  K(»y.  Suv.  London  A2S0«  25B-270  MV64}. 


Al  \i.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplei 

X(Ai 

F/tein  'l 

A'iteill  '1 

A'. 

A 

.■tj,(l!)"se.-  '1 

Aa 

.S’lal.ii.) 

log  «/ 

\<*ru- 

ra<*> 

.Siiiiree 

1 

2s-2p*-2s2ir' 

ap_;tpo 

.109.68 

im 

:m240 

9 

9 

140 

0.21 

1.9 

0.28 

[) 

1 

[309.60] 

0 

323002 

5 

5 

IK) 

.•).!6 

0.79 

-0.10 

1) 

As 

309.85 

2736 

325470 

3 

3 

36 

•.1.0.V2 

0.16 

-0.81 

I) 

As 

307.25 

0 

325470 

5 

3 

61 

0.0.‘)1 

0.26 

-0..59 

I) 

As 

308.56 

2736 

326822 

3 

1 

140 

0.069 

0.21 

-0.64 

I) 

As 

312.24 

2736 

323002 

3 

5 

.35 

0.084 

0.26 

-0.60 

I) 

As 

[310.91] 

.3831 

325470 

1 

3 

47 

0.21 

0.21 

-0.68 

I) 

As 

2 

•D-'P’ 

[243.76] 

41600 

451840 

5 

3 

240 

0.13 

0.51 

-0.19 

I) 

1 

3 

iS_ip« 

[275.35] 

88670 

451840 

i 

3 

.36 

0.12 

O.ll 

-0.92 

I) 

1 

AIvi 

Forbidden  Transitions 

As  in  the  case  of  Na  IV  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Berger 
[2].  For  a  discussion  on  the  selection  of  values  see  NalV,  since  the  same  considerations  have  been 
applied. 


References 


|l|  Naqvi,  A.  M..  Th<*si.ii  Harvard  (19511. 

|2|  Malville,  J.  M..  and  Berger.  R.  A..  Planelary  and  Spaee  Sr'ienee  13,  1 1.51  1 196.51. 
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A1  VI.  Forbidden  Transitions 


Transiiion 

Type  of 

Accu- 

'iit. 

Array 

.Vlultiplel 

x(A) 

£((cnr') 

£»(cin  ') 

Hi 

A'* 

Transi- 

-tcitsec-') 

.S'lat.u.) 

racy 

Source 

tion 

1 

2/)' -2,'* 

.36,540 

0 

2736 

.5 

3 

e 

6,1  X  10-' 

0.071 

c- 

1.  2 

36.540 

0 

2736 

.3 

3 

m 

0.461 

2..50 

B 

1 

26096 

0 

3331 

5 

1 

e 

4.3X10-* 

0.0310 

C- 

2 

[91300] 

27.36 

3831 

3 

1 

m 

0.0708 

2.00 

B 

1.  2 

2 

M'-'I) 

240.3.1 

0 

41600 

.5 

.5 

e 

0.0037 

8.8  X  10-* 

D- 

1.  2 

240.3. 1 

0 

41600 

.5 

.5 

m 

.5.2 

0.0133 

C 

1 

2.572..3 

2736 

41600 

3 

.5 

e 

3.7X  10-< 

1.3  X  10-< 

D- 

1.  2 

2.572.. 3 

27.36 

41600 

3 

.5 

m 

1.40 

0.00443 

C 

1 

12frt6.9] 

38.31 

41600 

1 

r> 

e 

1.3X  10-< 

5.1  X  10-» 

C- 

2 

;i 

'I’-'.s 

1127.8] 

0 

88670 

.5 

1 

e 

0.0.56 

6.1  X  10-» 

D- 

2 

116.3.7] 

27.36 

88670 

3 

1 

m 

6! 

0.00356 

C 

2 

4 

[212.3.8] 

41600 

88670 

.5 

1 

e 

4.8 

0.123 

C- 

2 

A1 VII 


(iround  Sialf  l.?'*25-2p-*  ^SS/a 

Ionization  Potential  241.38  eV=  1947390  cm*' 

Allowed  Transitions 

Values  for  all  the  listed  transitions  are  calculated  from  the  nuclear  charge-expansion  method 
of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Judged  from  graphical 
comparisons  with  other  ions  in  the  isoelectronic  sequence  and  from  the  general  success  of  Cohen 
and  Dalgarno's  method  for  similar  atomic  systems,  uncertainties  within  50  percent  are  indicated. 

Reference 

|1)  (;<ihen,  M..  and  Dal)carnn.  A.,  Pror.  Roy.  Soc.  London  4280,258-270(1964). 


A1  VII.  Allowed  Transitions. 


No. 

Transiiion 

.Array 

Mulliplet 

A(,A) 

filcm-'l 

_ _ 

EkU'nr') 

Hi 

HK 

.4*dl0"sec->) 

h 

.S'lal.u.) 

•'»g  Hf 

Acru* 

rary 

Source 

1 

2s-2i>'-2s2i)' 

0 

281647 

4 

12 

41 

0,24 

1.1 

-0.02 

D 

1 

[356.89] 

0 

280200 

4 

6 

41 

0.12 

0.55 

-0.32 

D 

is 

3.53.78 

0 

282660 

4 

4 

42 

0.079 

0.37 

-0.50 

D 

Is 

[352.16] 

0 

283960 

4 

2 

42 

0.039 

0.18 

-0.81 

D 

Is 

2 

MJ.OS 

607.16 

884280 

10 

10 

% 

0.14 

1.4 

0.15 

D 

1 

[309.12] 

60760 

384260 

6 

6 

89 

0.13 

0.78 

-0.11 

D 

Is 

309.01 

60700 

384310 

4 

4 

86 

0.12 

0.50 

-0.32 

D 

Is 

.309.07 

60760 

384310 

6 

4 

9,6 

0,(K)92 

0.0.56 

-1.26 

E 

Is 

[309.061 

60700 

384260 

4 

6 

6.4 

0.014 

0.0.56 

-  1.25 

E 

Is 

61 


A1  VII.  Allowed  Transitions  —  Continued 


No. 

Transition 

Array 

Multiple! 

\(A) 

filem  ') 

1 

Ekivm  *) 

B 

Kk 

4u(10"spe  ') 

yi* 

.Stat.u.) 

j 

lug  k/' 

Actu- 

racy 

Soun'e 

3 

2[)»_2p 

240.19 

60736 

477077 

10 

6 

340 

0.18 

1.4 

0.26 

D 

1 

1 

'240.77] 

1 

60760 

476090 

6 

4 

300 

0.18 

0.84 

D 

Is 

1 

[239.03 

1 

60700 

479050 

4 

2 

350 

0.15 

0.47 

D 

Is 

1 

[240.74] 

1 

60700 

476090 

4 

4 

34 

0.029 

0.093 

D 

Is 

4 

:m.^2 

93180 

384280 

6 

10 

15 

0.046 

0.31 

-0.56 

D 

1 

[343.6.51 

93270 

384260 

4 

6 

16 

0.042 

0.19 

-0.77 

D 

Is 

343.28' 

93000 

384310 

2 

m 

13 

0.044 

0.10 

-1.0(> 

D 

Is 

[343.60] 

93270 

384310 

4 

4 

0.021 

0.021 

-1.74 

E 

Is 

5 

,po_..g 

279.19 

93180 

451360 

6 

2 

210 

0.082 

0.45 

-0.31 

D 

1 

i 

[279.26] 

1 

93270 

451360 

4 

2 

140 

-0.48 

D 

Is 

1 

[279.05] 

1 

93000 

451360 

2 

2 

70 

1 

0.15 

-0.79 

1) 

h 

6 

,po_2p 

260.49 

93180 

477077 

6 

6 

100 

0.54 

-0.22 

D 

1 

[261.22] 

93270 

476090 

4 

4 

85 

0.087 

0.30 

-0.46 

D 

h 

1 

259.03' 

93000 

479050 

2 

2 

70 

■iliWW 

-0.85 

D 

Is 

i 

259.22 

93270 

479050 

4 

2 

35 

MIIIllM 

-1.14 

E 

Is 

1 

[261.04] 

93000 

476090 

2 

4 

17 

WljXM 

-1.15 

E 

Is 

Al  VII 


Forbidden  Transitions 

All  the  values  for  this  ion  have  been  taken  from  Pasternack  [1].  The  electric  quadrupole 
values  have  been  corrected  by  applying  Naqvi’s  value  [2]  for  the  electric  quadrupole  moment  Sq. 

References 

[1]  Pasternack.  S..  Astrophys.  J.  92,  129  (1940). 

[21  Naqvi.  A.  M.,  Thesis  Harvard  (195)). 
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A1  VII.  Forbidden  Transitions— Conliuucd 


No. 

Transition 

Array 

Mulliplel 

a(A) 

£/(cm“') 

Ki 

Type  of 
Transi¬ 
tion 

/<Ai(sec-') 

.S(8t.U.) 

Accu¬ 

racy 

Source 

3 

21)0-20° 

[16.7  X  10'] 

60700 

60760 

4 

6 

m 

2.33  X  10-" 

B 

2 

[16.7X  lO'l 

60700 

60760 

4 

6 

e 

1.2X10'' 

.5.4  X  10-< 

D- 

1.2 

4 

i[)0_2po 

(IF) 

3074.0 

60760 

93270 

6 

4 

m 

4.(S 

C 

1 

3074.0 

60760 

9.3270 

6 

4 

e 

0.31 

D 

2 

3093.4 

60700 

93000 

4 

2 

m 

5.1 

C 

1 

3093.4 

60700 

93000 

4 

2 

e 

0.25 

D 

2 

3098.7 

60760 

93000 

6 

2 

e 

0.17 

D 

2 

3068.8 

60700 

93270 

4 

4 

m 

8.5 

C 

1 

3068.8 

60700 

93270 

4 

4 

e 

0.13 

D 

2 

5 

ipo  _2p« 

[37.03  xltP] 

93000 

93270 

2 

4 

m 

1.77X  10-< 

1.33 

B 

2 

(37.03  X  lO'j 

93000 

93270 

2 

4 

_ 

e 

1.6X  10-'< 

2.6  X  10-< 

D- 

1,2 

AI  VIII 


(>r<iund  State 
Idnization  t*(itential 


284.53  fV=229550C  cm-' 

Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  |A| 

No. 

Wavelength  |  Aj 

No. 

Wavelength  [A] 

No. 

247.39 

3 

325.32 

2 

387.97 

1 

248.46 

3 

328.20 

2 

1111.6 

8 

2.50.14 

3 

381.11 

1 

1118.7 

8 

251..34 

5 

383.66 

1 

1131.1 

8 

285.47 

4 

383.76 

1 

1206.3 

7 

287.04 

6 

387.67 

1 

1223.5 

7 

323.49 

2 

387.78 

1 

1280.4 

7 

Most  data  are  obtained  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1]  which 
includes  limited  confijiuration  mixing:.  (Graphical  comparisons  of  this  material  within  the  isoelec- 
tronic  sequence  depicting:  the  dependence  of  /-values  on  nuclear  charjje  have  been. made,  and  the 
available  experimental  data  for  the  lower  ions,  mostly  from  lifetime  measurements,  establish  fairly 
definitely  that  the  uncertainties  should  not  exceed  50  percent.  Analogous  graphs  fur  the  data  ob¬ 
tained  from  the  ('oulomb  approximation  indicate  that  these  values  are  accurate  within  25  percent. 


Reference 

|1|  Cohen,  M.,  and  Dalt(arno,  A..  Proc.  Roy.  Sor.  London  A280,  258-270  (1964). 
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AlvilUt  Allowed  Transitions 


No, 

Transition 

Array 

Multiplct 

At  A) 

A’liciii  ') 

A'aIciii  ') 

fit 

m. 

.4A/(IO"»ec  ') 

h 

.S(at.u.) 

l"g  «/ 

Accu¬ 

racy 

.Source 

1 

25-‘2p-’-252p' 

,185.7(1 

:t(n7 

202275 

9 

15 

24 

0.087 

1.0 

-0.11 

D  + 

1 

;387.97 

444(1 

262190 

5 

7 

23 

0.074 

0.47 

-0.43 

D  + 

Is 

383.76 

1740 

262320 

3 

.5 

18 

0.066 

0.25 

-0.70 

D  + 

Is 

381.11 

0 

262.390 

1 

3 

13 

0.088 

0.11 

-1.06 

D 

Is 

.387.78 

•*440 

262320 

5 

.3 

5.8 

0.013 

0.083 

-1.19 

D 

Is 

383.66 

1740 

262390 

3 

3 

9.9 

0.022 

0.083 

-1.18 

D 

Is 

387.67 

4440 

262350 

5 

3 

0.65 

8.8X  10  ^ 

0.0056 

-  2.36 

E 

l.t 

2 

,:26.7/ 

:u)47 

309130 

9 

9 

62 

0.099 

0.96 

-0.05 

D 

1 

(328.201 

4440 

309130 

3 

5 

46 

0.074 

0.40 

-0.43 

D 

Is 

(325.321 

1740 

309130 

3 

3 

16 

0.025 

0.080 

-1.12 

E 

Is 

[328.20j 

4440 

309130 

5 

3 

25 

0.024 

0.13 

-0.92 

D- 

Is 

‘(32.5  32i 

1740 

309130 

3 

1 

65 

0.034 

0.11 

-0.99 

D- 

is 

i325.32i 

1740 

309130 

3 

5 

15 

0.040 

0.13 

-0.92 

D- 

is 

(323.491 

0 

309130 

1 

3 

22 

0.10 

0.11 

-1.00 

D- 

is 

3 

SP  —  ^S® 

24'>.27 

5047 

404220 

9 

3 

350 

0.11 

0.81 

0.00 

D  + 

1 

(250.141 

4440 

404220 

5 

3 

190 

0.11 

0.45 

-0.26 

D  + 

is 

[248.46] 

1740 

404220 

3 

3 

120 

0.11 

0.27 

-0.48 

D  + 

is 

[247.39] 

0 

404220 

1 

3 

40 

0.11 

0.090 

-0.96 

D  + 

is 

4 

6 

1 

6 

o 

(285.471 

(466901 

(396990) 

5 

5 

170 

0.21 

1.0 

0.02 

D 

1 

5 

o 

1 

Q 

(251., 341 

(466901 

(4445501 

5 

3 

230 

0.13 

0..53 

-0.19 

D 

1 

6 

t/j 

1 

(287.041 

[96170] 

[4445501 

1 

3 

60 

0.22 

0.21 

-0.66 

D- 

1 

7 

2p3s  — 

12.52.5 

1522557 

1402180 

9 

3 

6.2 

0.0485 

1.80 
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Alviii 

Forbidden  Transitions 

The  adopted  values  represent,  as  in  the  case  of  NaVI,  the  work  of  Naqvi  [IJ.  Malville  and 
Berger  [2],  and  froese  [3].  For  the  selection  of  values,  the  same  considerations  as  for  Na  VI  are 
applied,  the  one  exception  being  that  Froese's  magnetic  dipole  values  are  also  used.  Since  the 
observed  energy  levels  are  uncertain,  it  is  felt  that  the  “spin-orbit  ’  and  “spin-spin  and  spin-otner- 
orbit”  integrals  ^  and  tj  calculated  from  her  theoretical  energy  levels  will  be  as  accurate  as  the 
experimental  ones. 


Kefereiices 


|1|  Naqvi,  A.  M..  Thesis  Harvard  (1951), 

|2|  Malville,  J.  M..  and  Bericer,  R.  A.,  Planetary  and  Space  Science  13,  1131  (1%5). 
(3]  Froese.  C..  Asirophys.  J.  145,  932  (1966), 


Alvill.  Forbidden  Transitions 
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A1 IX 


(iround  Stale  \s-2s-2i)  “P|/i 

lonizutiNin  Potential  330.1  eV  =  2663.340  cm"' 

Allowed  Transitions 


l.ist  of  tabulated  lines; 


Wavelengtii  |A| 

No. 

Wavelength  [A] 

Nn. 

Wavelength  [A] 

No. 

60.8% 

11 

30.5.10 

2 

397.24 

7 

61.069 

11 

308.01 

6 

397.61 

7 

61.078 

11 

308.23 

6 

433.97 

9 

66.621 

10 

316.86 

4 

434.42 

9 

66.839 

10 

318..56 

4 

439.68 

9 

280.15 

3 

321.11 

4 

440.14 

9 

282.52 

3 

384.59 

5 

603.21 

8 

284.04 

3 

.384.85 

5 

614.29 

8 

286.-18 

3 

385.03 

1 

614.97 

8 

3(M).62 

2 

392.42 

1 

Values  for  the  majority  of  the  transitions  are  calculated  from  the  nuclear  charge-expansion 
method  of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Graphical  com¬ 
parisons  with  other  data  for  the  lower  ions  of  this  isoelectronic  sequence  indicate  tha*  the  un¬ 
certainties  should  he  within  .50  percent. 

For  the  2/>  *P°— 3s  *S  and  2p  ^P®— 3d  *D  multiplets  we  have  obtained  data  by  exploiting  the 
dependence  (sf /-values  on  nuclear  charge:  In  these  cases  accurate  data  for  several  other  ions  of 
the  horon  seriuence  are  available  fnim  extended  self-consistent  field  calculations  by  Weiss  (2j  in 
which  configuration  mixing  is  fully  included.  Utilizing  those  values,  which  are  also  supported  by 
s.iine  experimental  results  on  lower  ions,  we  have  obtained  the  /-values  of  the  two  transitions  simply 
by  graphical  interpolation. 
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No.  Transition  Multijilet  X(A) 
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A! IX.  Allowed  Transitions 
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A1 IX 


Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 
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Alix.  Forbidden  Transitions 


Transition 

Array 

Mulliplel 
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Ground  State 
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Ionization  Potential 


398.5  eV  =  3215340  cm"' 


Allowed  Transitions 

Carstang  and  Shamey  [1]  have  obtained  the  /-value  for  the  intercombination  line  2'So  — 2''Pi 
by  calculating  the  ratio  of  this  line  against  the  resonance  transition  in  the  intermediate  coupling 
approximation  and  by  using  for  the  resonance  line  a  value  calculated  according  to  Cohen  and 
Dalgarno’s  method  [2].  The  data  calculated  from  the  charge-expansion  method  of  Cohen  and 
Dalgarno,  [2]  which  includes  limited  configuration  mixing,  are  estimated  to  be  usually  accurate 
to  50  percent  or  better,  while  the  charge-expansion  method  of  Naqvi  and  Victor  [3]  should  be  less 
reliable  when  the  effects  of  configuration  interaction  are  strong,  since  these  are  neglected  entirely. 
In  assigning  the  accuracy  estimates  for  these  methods  as  well  as  for  the  Coulomb  approximation 
we  were  to  a  great  extent  guided  by  studying  the  cegree  of  fit  of  the  dam  into  the  systematic  trends 
along  isoelectronic  sequences. 


References 

|1|  (larstang,  R.  H..  and  Shamey.  L.  J..  Aslrophys.  J.  148, 66.5-066  (1%7). 

12)  Cohen.  M..  and  Dalgarno,  A..  Proc.  Roy.  Soc.  London  A280,  2.58-270  (1964). 

13]  Naqvi.  A.  M..  and  Viclor.  G.  A..  Technical  Documenlary  Report  No.  RTD  T.1R-63-3118  (19641, 


67 


Al  X.  Allowed  Transttioris 
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AIX 

Forbidden  Transitions 


Naqvi's  calculations  [1]  are  the  only  available  source.  The  re.sults  for  the  ’'I”  transi¬ 
tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  — 'P° 
transitions,  Naqvi  uses  empiri'  d  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should 
be  partially  included. 


|1)  Naqvi.  A.  M.,  Thesis  Harvard 
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Alloweii  Transitions 

For  the  transition  2s  — 2p,  the  charge-expansion  calculation  of  Cohen  and  Dalgarno  [1]  is 
chosen.  An  uncertainty  of  less  than  10  percent  is  indicated  from  the  graphical  comparison  of  this 
value  with  the  other  material  for  the  same  transition  w'ithin  the  isoeleclronic  sequence.  Data  for 
the  <ither  listed  transitions  have  been  obtained  from  the  Coulomb  approximation.  Plots  of  the 
dependence  of  the /value  on  nuclear  charge  for  all  these  transitions  have  been  made  and  show-  that 
lliis  material  connects  up  very  smo<ilhly  Wfith  the  data  h'-r  the  lowfer  ions  as  Wfell  as  Wfilh  the  hydro- 
genic  value  for  inhiiite  nuclear  charge.  Based  on  this  impressive  agreement,  accuracies  of  10 
pen-ent  (or  25  percent  for  some  of  the  smaller  values)  are  indicated. 
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Allowed  Transitions 

The  values  for  this  ion  are  calculated  from  the  charjte  expansion  method  of  Dali-’anio  and 
Parkinson  [1].  From  comparisons  with  the  more  refined  variational  calculations  hy  Weiss  [2] 
for  lower  members  of  this  isoelectronic  sequence,  uncertainties  are  estimated  not  to  exceed 
10  percent.  It  should  be  pointed  out  that  essentially  identical  results  are  obtained  by  extrapolating 
the  data  of  Weiss  towards  the  high  members  of  the  isoelectronic  sequence  (see  fig.  I  [2]). 
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List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

2207.98 

2 

4947.61 

25 

7970.31 

31 

2210.89 

2 
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24 
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29 

4869.07 

21 

7944.00 

31 

The  results  of  the  intermediate  coupling  calculations  by  (iarstanc  and  Dawe  [1]  for  two  inter¬ 
combination  lines  in  the  3i*.3/>*  —  3s.3/>*  array  should  be  quite  uncertain,  since  these  authors  have 
normalized  their  values  by  means  of  a  transition  inte^tral  averaged  from  the  Coulomb  approxi¬ 
mation  and  Varsavsky’s  [6]  screening  approximation,  which  do  not  contain  the  important  con¬ 
figuration  interaction  effects.  The  lifetime  measurements  of  Savage  and  Lawrence  [2,  3]  with 
the  phase  shift  technique  provide  an  accurate  absolute  scale  for  several  other  transitions.  The 


interniediate  ('<>u|ilii)<’  calculations  of  l.awrcncc  [.^]  ami  tlic  results  of  tlic  aiioinuhius  (lispcrsion 
cx|uTiment  ol  Slaveuas  [4]  have  been  noriiializc'd  to  this  scale.  Tlic  two  uorniali/ed  sets  ol  data 
ajiree  within  a  few  percent.  Kinally.  numerual  values  arc  available  for  two  lines  from  the  wall- 
stabilized  arc  experiment  of  Hey  [.t];  hut  the  uncertainties  are  hardly  smaller  than  .50  percent 
because  of  the  occurrence  (d’  demixin»  effects  in  this  type  of  arc.  which  were  not  taken  into  ai-count. 

Since  the  above-listed  .sources  provide  data  for  only  nine  multiplets,  the  Coulomb  approx¬ 
imation  has  been  extensively  applied  to  this  spectrum  in  order  to  have  many  prominent  lines 
rejiresented.  On  the  basis  of  the  comparison  material  available  for  analo<:(ins  transitions  of  nei^h- 
boring  atoms  and  on  the  basis  of  the  general  success  of  the  Coulomb  approximation,  accuracy 
assitJLunients  of  50  percent  are  normally  indicated  for  the  selected  lines.  But.  in  as  much  as  these 
comparisons  are  quite  insufficient,  the  present  assignments  can  only  be  regarded  as  provisional, 
especially  since  deviations  from  LS-coupling  may  be  expected  for  the  individual  lines,  too. 
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u 
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racy 
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621.57 

3 

5 
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D 

ca 
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34 
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15 

21 
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D 

ca 
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7 

9 
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D 

Is 
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5 

7 
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D 

Is 
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.3 

5 
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0 

Is 
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7 

7 

0.0029 
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-1.81 

D- 

Is 
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5 

5 
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D- 

Is 
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7 

5 
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E 

Is 
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15 

21 
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D- 

ca 
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7 

9 

0.0069 
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Is 
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5 

*7 

i 
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Is 
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48020 

63356 

3 

5 

0.0059 
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5 

5 
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E 
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5 
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E 
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L 

. 

_ 

Si  I 

Forbidden  Transitions 


Tlie  sources  adapted  far  this  ion  are  Naqvi  [1].  and  Malville  and  Berger  [2].  Malville  and 
Berger  have  utilized  “spin-(»rbit”  and  “spin-spin  and  spin-ather-orbit”  integrals  by  Garstang 
(Monthly  Notices  Ray.  Astran.  Sac.  Ill,  115  (1951)).  Naqvi's  and  Malville  and  Berger’s  magnetic 
dipale  transitions  have  generally  been  averaged  since  their  methods  are  very  similar.  But  for  the 
■'’P— 'S  transition,  where  configurathm  interaction  is  important,  Malville  and  Berger’s  value,  which 
is  obtained  empirically,  has  been  preferred  over  that  of  Naqvi  which  is  based  purely  on  theory  (see 
also  General  Introduction).  Far  the  electric  quadrupole  moment  Sq  we  have  always  employed 
Malville  and  Berger’s  results. 
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Si  I.  Forbidden  Transitions  — Con/iViued 


Transition 


Mulliplel 

X(A) 

i 

A'i(i  m  ') 

AV(em  ') 

••'P-'S 

(IF) 

6526.78 

77.115 

1.5394.4 

6.589.61 

22,3.1.57 

15394.4 

'D-'S 

(2F) 

10991.4 

6298.85 

1S394.4  ! 

1 

A, (sec  ')  I  .S(at.u  ) 


1 193.28 
1194.50 
1197.39 
1246.74 

1248.43 


1817.45 

2072.02 


3.66  X  10  < 
0.0084 


Ground  State 

l.s--!2s  ^2/)«.3.s  -3/)  -Pi 

Ionization  Potential 

Allowed  Transitions 

L.ist  of  tabulated  lines: 

16.3.5  eV=  1318.38.4  cm 

Wavelenfilli  (A) 


2072.7 

2072.7 

2328.5 


2334.40 

2334.61 

2344.20 


2.500.93 

2.501.97 


2608.90 

2612.99 

2620.89 

2722.25 

2726.70 

2904.28 

2905.69 


2 


,3210.03 

.3.3.3.3.14 

3.3.39.82 

3853.66 

38.56.02 

3862.60 


Wavelenolh  |A| 


4902.65 
.5041.0.3 
505.5.98 
.50.56.31 
511.3, '.7 


5.568.36 
,557.5.97 
,5957.. 56 
.5978.9.3 

6,347.10 

6.371.36 
6679.65 
6818.45 


6829.82 

711.3.45 


r 


1 


Asidt*  I'riim  the  (^iiuloml)  approximation,  four  theoretical  sources  have  been  selected  which  all 
employ  the  same  basic  principles,  but  with  different  degrees  of  refinement.  Weiss’  [2]  calculations 
must  he  considered  the  most  comprehensive  ones  since  he  has  used  the  “superposition-of-con- 
figuratioiis"  aoproacli  with  a  large  number  of  interacting  configurations  and  Hartree-Fock  wave- 
functions  as  a  starting  point.  Values  have  been  calculated  in  both  the  dipide  length  and  dipole 
velocity  approxiniutions:  the  length  values  are  chosen  in  all  cases  as  being  probably  the  more 
reliable  [2|.  (iarstang  and  Shamey  (1).  as  well  as  F’roese-Fischer  (6).  have  carried  out  their  calcula¬ 
tions  by  including  limited  configuration  interaction  and  using  Hartree-Fock  functions  as  a  starting 
point,  (iarstang  and  Shamey  [1]  have  also  taken  into  account  intermediate  coupling.  Froese's  [5] 
results  for  the  ,3f/  — .'i/and  3(/  — 6/ transitions  are  based  on  self-consistent  field  calculations;  how¬ 
ever.  her  values  are  modified  to  account  for  configuration  interaction  with  the  3s3//--D  term  by 
multiplying  them  by  the  s(|uare  of  the  mixing  coefficient  as  given  in  Froese  and  Underhill  [7]. 
Weiss'  values  have  always  been  chosen  where  available  in  preference  to  the  other  calculations. 

Two  experimental  papers  by  Savage  and  l.awrence  |3]  and  Hey  [4]  have  also  been  utilized. 
Savage  and  l.awrence  [3]  have  carried  out  lifetime  determinations  of  several  states  by  means  of 
the  phase  shift  teehnique.  Of  their  numbers  we  have  used  only  the  value  for  the  4s  state,  whieh 
IS  within  a  few  pereen!  of  the  iheoretieal  result  obtained  by  Weiss.  Their  measured  lifetime  of  the 
4/  level  is  within  20  percent  of  the  sum  of  the  adopted  theoretical  transition  probabilities  for 
and  TIu-  other  lifetimes  measured  are  either  extrrnu-Iy  short,  su  that 

experimental  errors  become  fairly  large,  or  are  not  cascade-free  (3rf-level)  and  hence  have  not  been 
used.  Hey  [4]  has  determined  transition  probabilities  from  intensity  measurements  in  a  wall- 
stabilized  arc.  His  absolute  values  may  be  uncertain  by  as  much  as  50  percent,  primarily  because 
of  the  possible  demixing  effects.  In  those  cases  where  theory  and  his  experiment  overlap,  the  results 
have  been  averaged. 
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Sill.  Allowed  Transitions 
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D 

2 
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4 
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12 
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D 

Is 
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0 
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2 

2 
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D 
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D 
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D 
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0..54 

56 

0.33 

D 

Is 

[7849.7] 

101025 

113760 

6 

6 

0.028 

0.026 

4.0 

-0.81 

E 

Is 

25 

35*4rf-35*(’S)6/ 

2[)_2po 

5466.6 

101024 

119312 

10 

14 

0.26 

0.16 

29 

0.20 

D 

ca 

(7.03) 

26 

3s*4d-35*('S)7/ 

2[)_2po 

4621.5 

101024 

122656 

10 

14 

0.16 

0.072 

11 

-0.14 

D 

ca 

(7.05) 

1 

27 

35*4/-35*('S)6d 

2po_2[) 

6679.65 

103556 

118523 

14 

10 

0.014 

0.0068 

2.1 

-1.02 

D 

ca 

(7.12) 

28 

35*5p— 35*('S)6d 

2po_2[) 

6826.4 

105878 

118523 

6 

10 

0.13 

0.15 

.20 

-0.05 

D 

ca 

(7.20) 

6829.82 

103886 

118523 

4 

6 

0.13 

0.13 

>2 

-0.27 

D 

Is 

6818.45 

103861 

118523 

2 

4 

0.11 

0.15 

6.7 

-0.52 

D 

Is 

[6829.81 

103886 

118523 

4 

4 

0.021 

0.014 

1  1.3 

-1.25 

E 

Is 

f 


Sill.  Allowed  Transitions  — 


No. 

Transilion 

.\rray 

Multi|il<-t 

A(A) 

/'.’lil'IO  ') 

•  •ft,)  10"  SIT  '1 

u 

.Slill.M.I 

In;; «/ 

\rru- 

rai*> 

1 

SnliriT  4 

29 

3i*5p— 3i*('S)7i 

7122.1 

nm7H 

117915 

6 

2 

0.15 

0.038 

5.3 

-0.64 

1) 

■i 

I 

(7.19) 

7125.84 

103886 

117915 

4 

2 

0.098 

0.037 

3.5 

-  0.83 

1) 

I.S  i 

7113.45 

103861 

1.7915 

2 

2 

0.051 

0.038 

1.8 

-1.12 

1) 

As 

. 

30 

3i*5p— 3i*('S)8i 

I0.W7H 

121815 

6 

2 

0.088 

0.014 

1.5 

-  1.08 

D- 

('<1 

(7.21) 

* 

5575.97 

103886 

12)815 

4 

2 

0.057 

0.013 

0.97 

-  1.28 

D- 

Is  i 

5.568.36 

103861 

121815 

2 

2 

0.029 

0.013 

0.49 

-1..59 

D- 

!.s 

31 

35^Sp— 3i’‘*('S)9i 

2|)o_2^ 

mo.H 

I0:1H7H 

124277 

6 

•} 

0.0.53 

().(K)f>4 

0.62 

-  1.42 

D- 

('(I 

(7.23) 

4902.65 

103886 

124277 

4 

2 

().().3.5 

().(K)6-t 

0.41 

-  1..59 

D- 

Is 

[48%.8] 

103861 

.. 

124277 

2 

2 

0.018 

().(K)6.5 

0.21 

-  1.89 

D- 

Is 

Sill 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  numlier. 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Kcfererce 

(HI  \a(|vi.  A,  M..  Thesis  Harvard  { 1951 K 


Si  II.  Forbidden  Transitions 


No. 

Transition 

.Array 

Multiplct 

...  .  1 

A(.t) 

A,'j(cni  ') 

^^lc '  in  ' ) 

A 

Type  of 
Transi- 
lion  I 

i 

(li(scc  ') 

J 

.S(al.u.) 

Accu¬ 

racy 

.Source 

1 

.3p-''S).3p 

-  —  - 1  ^ 

L 

1.34.79.5  X  10') 

().()() 

287. .32 

2 

1 _ 

1 

1 

m 

2.I3X  lO  I 

I  .33 

A 

I 

80 


(/ri)Uii(l  Stale 


Si  111 


I 


! 


K 


Ionization  Potential 


\s^2s^2i)'-Xs-  'S„ 
;«.46  eV  =  269940.6  cm  ' 

Allowed  Transitions 

List  of  taliulated  lines; 


Vi  avclenulli  |  A| 

.\o. 

3A'avelenplli  (A| 

No. 

Vi'avelenglli  (.A] 

Nn. 

,t66.613 

11 

1417.24 

4 

466.3.87 

30 

671.718 

2.3 

143.3.78 

10 

4683.02 

30 

672.29,3 

2.3 

1.388.9,3 

9 

4683.80 

30 

67.3.477 

2,3 

1778.72 

.3 

4716.65 

43 

690.689 

2.3 

1783.08 

,3 

4V30.52 

30 

823.408 

24 

1783.1.3 

.3 

5451.46 

29 

883.398 

1,3 

1786.37 

,3 

5451.% 

29 

993.,319 

19 

1786.44 

,3 

5473.0.3 

29 

994.787 

19 

1786.52 

,3 

,3490.11 

29 

997.389 

19 

1838.47 

.38 

,3539.93 

29 

1108.37 

12 

1839..39 

38 

5579.94 

29 

1109.94 

12 

1842.06 

38 

,3.3%.9 

57 

1 109.97 

12 

1842..3,3 

21 

,3,397.90 

57 

111,3.17 

12 

18,36.06 

.39 

5.399  2.3 

57 

111.3.20 

12 

2449.48 

4,3 

.3600.00 

57 

111.3.2.3 

12 

2.328.47 

46 

5600.95 

57 

1 140.,3.3 

17 

2.341.82 

3 

.3601.46 

57 

1141. .38 

17 

2546.09 

8 

5693.8 

48 

1142.28 

17 

2.3,39.21 

26 

,369.3.52 

48 

1144.31 

17 

.3043.8 

44 

.36%.50 

48 

114L96 

17 

3043.93 

44 

.370.3.12 

48 

114.3.67 

17 

3045.08 

44 

,3704.60 

48 

11,3,3.00 

16 

3045.1 

44 

,3716.29 

48 

1 1.3.3.96 

16 

3046.28 

44 

,3739.73 

28 

11,36.78 

16 

318,3.13 

37 

,3810.19 

.38 

11,38.10 

:6 

,32.30..30 

36 

6169  84 

56 

1160.26 

16 

3233.9,3 

,36 

6314.46 

51 

1161. ,38 

16 

.3241.62 

36 

6521.49 

.3.3 

1206.,31 

1 

3486.91 

42 

6.322.6 

55 

120r)..3,3 

1.3 

.3.369.67 

.3,3 

6522.63 

.35 

1207., 32 

14 

,3,390.47 

3,3 

6,324.36 

5.3 

1294..34 

2 

.3681.40 

,34 

6524.8 

.35 

12%.7;< 

O 

3682.15 

.34 

6831.56 

52 

1298.89 

2 

,3682.2,3 

.34 

6834.08 

52 

1298.96 

2 

3791.41 

34 

6834.38 

.32 

1.301.1,3 

2 

.37%.!  1 

34 

7461.89 

40 

1,30,3..32 

2 

3796.2 

34 

7462.3.3 

40 

1.3!2.,39 

20 

,3806..34 

.34 

7462.62 

40 

1.328.81 

18 

3806.7 

34 

7465.6 

40 

1.341.47 

7 

4338.50 

22 

7465.67 

40 

1.341..3(. 

7 

4.341.40 

.3,3 

7466.32 

40 

1.3t2..3.3 

7 

4377.63 

47 

7612.36 

49 

1,342  ..39 

1 

4468.4,3 

.31 

8262.57 

50 

1,342.4,3 

7 

4494.0,3 

.31 

826.3.64 

.30 

1.34.3.39 

7 

4,3,32.62 

27 

8267.75 

,30 

1,362.,37 

6 

4.354.00 

.31 

8269.32 

50 

1,36,3.46 

6 

4.367.82 

27 

8271.38 

50 

1,36.3..30 

6 

4,374.76 

27 

8271.94 

50 

1.36,3.2.3 

6 

4619.66 

30 

8341.93 

32 

1.36,3.29 

6 

4638.28 

.30 

9799.91 

41 

1.36.3.,34 

6 

t 


Weiss'  [I]  values  have  been  ealeiilale<i  by  means  oi  the  melliiMl  of  sii|)er|)ositioii  of  eon- 
ti^iirai.ioiis.  em|iloyiii<:  Hartree-Foek  wavef’iiiietioiis  as  a  starling  |)oiiil.  'I'lie  ealeiilalioiis  have  b»-»-ii 
carried  out  both  in  the  dipole  length  and  tlipole  velocity  a|i|*roxiinations.  /.art*  |3|  has  |ierforinetl 
similar  caleulatitnis,  alsti  in  tin*  li‘n;:tli  anti  velocity  forms,  iisin^  however,  the  siin|iler,  less  ac¬ 
curate  Hartree-Fock-Slater  wavi‘fnnctions.  in  wliicli  i‘xclian;:i‘  elfects  are  only  approxiinately  taken 
into  acctmnt.  The  dipide  leiiftth  valnt*s  of  [1]  or  (3)  are  selecteil.  hein*;  probably  more  leliable 
than  the  velocity  valni's,  as  su};"estetl  by  the  authors,  (irossley  ami  Ualjiai  iio's  values  j21  have  been 
ob'ained  frtim  a  cliaroe-i>xpansion  teeluiitpie  which  iiicimles  confi>’uratioii  mixin;’  iii  a  limitcil 
way.  There  is  usually  <'ooii  agreement  for  tliti.se  traiisitituis  where  the  vaiious  calculations  tiverlap. 
In  these  cases  we  have  chosen  Weiss'  results  over  /.are's  values  and  these  in  turn  over  (21.  'I'lie 
accuracy  estimate  has  been  retincetl  where  there  is  sionifieant  tlisa^rt'/mt'iit  between  tlie  !<‘!;;;!li 
anti  vehicity  ftirms  tir  whert*  there  appears  tti  lie  ciiocellatic.ii  iu  iiu*  transititm  intt‘j:ral. 
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Si  III.  Allnwed  Transitinns 


No.' 

Transiiioii 

•Array 

Mulliplel 

X).4) 

i 

F.ictn  ')i 

1 

_ 1 

A,'*) cm  ') 

A'. 

A'*- 

•f„)10"sec  ') 

P 

'  u 

1 

1 

1 

.S(al.u.) 

T 

h'j:  A’/ 

Al’i'ii- 

rar\ 

1 

l.'siiiircc 

1 

i 

1 

3s’- 

._S_i|«» 

1206.51 

0 

82884 

1 

3 

25.9 

!  1.70 

6.7! 

0.2.30 

13 

‘  1 

3s(’.S)3t» 

a  V  2) 

1 

1 

i 

1 

0.9 

lida//  —  a// 

/298.9 

.VJOHt  1 

120071 

9 

9 

1 

22.3 

0..5f4 

21.7 

0.706 

13 

1 

(I  V  41 

1 

I 

1 

1298.96 

.5.3115 

1.30101 

5 

1  •"> 

16.7 

0.42.3 

9.04 

0.325 

B 

Is 

1298.89 

.52853 

129842  ; 

.3 

.3 

5.  .58 

0.141 

1.81 

I  -0.374 

13 

Is 

1303., 32 

.5.3115 

129842  1 

3 

.3 

9.18 

0.140 

3.01 

i  -0.1.55 

13 

I's 

1.301.15 

52853 

129708 

3 

1 

22.2 

0.188 

2.41 

1  -0.249 

B 

I.S 

1294..54 

5285.3 

1,30101 

.3 

5 

3.62 

0.2.35 

.3.01 

-0.1.52 

B 

l.s 

1296.73 

52725 

129842 

1 

3 

i 

7.46 

1  0..565 

2.41 

1  -0.248 

B 

Is 

?. 

'l"’-'D 

2.541.82 

82884 

122215 

.3 

5 

0.32 

1  0.0.52 

1,3 

-0.81 

1) 

1 

(IV6.(W| 

1 

4 

'l’°-'.S 

1417.24 

82884 

1.5.3444 

.3 

1 

26.0 

0.261 

.3.66 

-0.106 

<: 

1 

(I  V  9) 

5 

3s(’.S)3t/- 

•D-  'K° 

17.. 2.0 

imt.') 

IWOOl 

15 

21 

4.3 

0.28 

25 

0.62 

1) 

2 

3/d’f’°)3d’ 

(I  V  ,3.5) 

1778.72 

142944 

199164 

7 

9 

4.4 

0.27 

11 

:).28 

1) 

Is 

178.3.15 

1429  k) 

l<7't026 

5 

1  ^ 

.3.8 

0.25 

7.4 

0.10 

1) 

Is 

1786..52 

142948 

19892.3 

1 

5 

3.6 

0.28 

5.0 

-0.08 

1) 

/.'■ 

1783.08 

142944 

l'f7026 

7 

7 

0.47 

0.02.3 

0.9.3 

-0.79 

D- 

I.S 

1786.44 

142946 

198923 

) 

5 

O.W) 

0.0.32 

0.93 

-0.80 

D- 

tS 

1786.37 

142944 

198923 

7 

5 

0.018 

6.3  X  10  • 

0.026 

-  2..36 

E 

Is 

6 

14204.7 

2I(}24I 

15 

9 

12 

0.19 

1.3 

0.45 

1)  + 

.3 

(1  V  58) 

1,365.25 

142944 

216190 

7 

5 

9.7 

0.19 

6.1 

0.12 

1)  + 

Is 

1.363.46 

142946 

216289 

5 

3 

8.5 

0,14 

3.2 

-0.15 

))  + 

Is 

i;362.,37 

142948 

216.3.'')> 

6 

1 

11 

0.10 

1.4 

-0..52 

D- 

Is 

1.365.29 

142946 

2161'A) 

5 

5 

1.8 

0.049 

1.1 

-0.61 

D- 

Is 

136.3..5() 

142948 

216289 

3  : 

.3 

2.9 

0.082 

1.1 

-0.61 

D- 

Is 

1.365..34 

142948 

2161'A) 

.3 

5 

0.11 

0(K).5.3 

0.072 

-1.80 

E 

Is 

82 


Si  III.  Allowed  Transitions— Con^i/juerf 


No. 

TraiiKitini) 

.Arra\ 

* 

M.'\) 

A.', (cm  ') 

6’/i(ciii  ') 

— 

A'. 

fH 

.4ii.,(!0"scc  ') 

u 

.S'(at.u.) 

I")!  «/ 

Accu¬ 

racy 

Soiin'c 

7 

'l)-‘l)° 

im:2 

/  4204.3 

2/74.32 

13 

1.3 

10 

0.27 

18 

0.61 

D 

2 

!l A  30 ( 

1.341.47 

142044 

217480 

7 

7 

0.0 

0.24 

7.5 

0.2.3 

D 

Is 

1342.30 

142046 

217440 

•3 

.3 

7.0 

0.19 

4.2 

-0.02 

D 

Is 

1343..30 

142048 

217.386 

.3 

.3 

7.5 

0.20 

2.7 

-0.22 

D 

Is 

1342.33 

142041 

217440 

.3 

1.6 

0.030 

0.94 

-0.68 

D- 

Is 

1343..30 

142046 

217.386 

.■> 

.3 

2.5 

0.041 

0.90 

-0.69 

D- 

Is 

1 

1 

1.341. .30 

142046 

217480 

3 

7 

l.l 

0.043 

0.94 

-0.67 

D- 

Is 

1 

1.342.43 

142048 

217440 

.3 

.3 

1.5 

0.068 

0.90 

-0.69 

D- 

Is 

8 

1 

■ 

'D-'D'’ 

2.346.0<> 

16.376.3 

20.3020 

5 

.3 

0.61 

0.060 

2.5 

-0.52 

D 

2 

!l  \  .36) 

') 

i|)_i|>» 

1.388.0.3 

16.376.3 

2287(M) 

.3 

3 

11 

0.2.3 

6.5 

0.10 

D  + 

3 

(1  V  .30) 

10 

14.3.3.78 

16.376.3 

23.3414 

.3 

7 

21 

0.89 

21 

0.65 

D 

2 

(1  V  61) 

II 

— 

iS_i|>= 

.366.613 

0 

176487 

1 

3 

.3.2 

0.046 

0.085 

-1.34 

E 

3 

3si^.S|4/< 

(1  V  3) 

12 

3.s3/(- 

>1>°_>1) 

HUM 

.32084 

/ 4204.3 

0 

1.3 

28.8 

0.890 

29.3 

0.904 

B 

1 

il  \  3) 

1 1 1.3.23 

.3.311.3 

142044 

.3 

7 

28.7 

0.748 

13.7 

0.573 

B 

Is 

1100.07 

.328.3.3 

142046 

3 

s 

21.7 

0.668 

7.32 

0.302 

B 

Is 

1108.37 

.3272.3 

142048 

1 

3 

16.2 

0.89.3 

3.26 

-0.049 

B 

Is 

111.3.20 

.3311.3 

1420-46 

.•> 

.3 

7.17 

0.133 

2.44 

-0.177 

B 

Is 

1100.04 

.328.3.3 

1420.48 

.3 

3 

12.1 

0.223 

2.44 

-0.175 

B 

Is 

111.3.17 

.3.311.3 

142048 

3 

0.80 

0.0089 

0.16 

-1.35 

D 

Is 

13 

1206.33 

82884 

16.376.3 

.3 

5 

48.9 

1.78 

21.2 

0.728 

B 

1 

(1  V  11) 

14 

•V- 

1207..32 

12221.3 

20.3020 

5 

.3 

19 

0.41 

8.2 

0.31 

D 

2 

3/<(“l''’)3</' 

(1  V  22) 

l.i 

883.308 

12221.3 

2.3.3414 

.3 

7 

63 

1.0 

15 

0.70 

D 

2 

(1  A’  27) 

16  1 

/  I.Vl.-J 

72007/ 

2/624/ 

0 

0 

22 

0,44 

15 

0.60 

D 

2 

(lA  31) 

1161. .38 

1.30101 

216100 

5 

.3 

16 

0.32 

6,2 

0.20 

D 

Is 

11.36.78 

120842 

21o280 

n 

3 

.3.2 

0.11 

1.2 

-0.48 

D- 

Is 

1 160.26 

1.30101 

216280 

5 

3 

0.1 

O.ll 

2.1 

-0.26 

D- 

Is 

11.3.3.06 

120842 

2163.30 

3 

1 

22 

0.15 

1.7 

-0.35 

D- 

Is 

11.38.10 

120842 

216100 

3 

5 

,3.5 

0,18 

2.1 

-0.27 

D- 

Is 

11.3.3.00 

120708 

216280 

1 

3 

7.5 

0.45 

1.7 

-0.35 

D- 

Is 

17 

II  42.1 

72007/ 

2/74.32 

0 

1.3 

1.3 

43 

1.07 

D 

2 

)l  V  32) 

1144.31 

1.30101 

217480 

30 

l.l 

20 

0.74 

D 

Is 

1141. .38 

120842 

217440 

3 

.3 

30 

0.98 

11 

0.47 

D 

h 

1140..3.3 

120708 

217386 

1 

3 

22 

1.3 

4.8 

0.11 

D- 

Is 

1144.06 

1.30101 

217440 

.3 

3 

0.7 

0.19 

3.6 

-0.02 

D- 

Is 

1142.28 

120842 

217.386 

3 

3 

K) 

0.32 

3.6 

-0.02 

D- 

Is 

1 14.3.67 

1.30101 

217.386 

.3 

l.l 

0.013 

0.24 

-1.19 

E 

Is 

18 

1.328.81 

1.3.3444 

16.376.3 

1 

3 

27 

2.1 

9.3 

0..33 

D 

.3 

Il  \  48) 

10 

3.s3/i  — 

006.06 

.32084 

1.33377 

9 

3 

23.6 

0.'17 

3.4,3 

C.('32 

B 

1 

.■isle's  )4s 

(1  V  6) 

'W7..380 

.3311.3 

1.3.3.377 

.3 

3 

13.1 

0.117 

1.92 

-0.233 

B 

Is 

W4.787 

.328.3.3 

1.3.3.377 

3 

.3 

7.80 

0.117 

1.15 

-0.4.35 

B 

Is 

00.3..310 

.3272.3 

1.3.3377 

1 

3 

2.64 

0.117 

0.383 

-  0.932 

B 

Is 

83 


Sim.  Allowed  Transitions— Conanued 


No. 

Transition 

Mulli|il(-I 

X(A) 

EM'iw  ') 

Ain  tern  ') 

A'* 

m 

r 

KK'sr*-  •) 

U 

J--.-  - 

1  .S(al.u.) 

1"):  kI 

.Sciiircr 

•Array 

rurv 

20 

'P°-'S 
(tv  10) 

I312..59 

82884 

1,5‘8)70 

3 

1 

5.6 

0.(438 

0.62  1 

-  0  84 

i 

!) 

1 

21 

3p*- 

'D-'r 

1842..5.5 

122215 

176487 

5 

3 

2.61 

0.080 

2.42 

-0.,3'.*H  ! 

C 

,3 

3s(*S)4/) 

(I'V  20) 

i 

22 

iS-'l’" 

4338.50 

153444 

176487 

1 

.3 

0.147 

0.125 

1.78 

-  O.'X) 

C 

3 

(3) 

j 

1 

23 

3s3p  — 

672.S8 

.52984 

20/.599 

9 

15 

0.67 

0.(M)7.5 

0.15 

-1.17 

K 

3 

Ssi^Snd 

(IIV6.01) 

673.477 

.53115 

201.59*) 

5 

7 

0.66 

().(M)t>3 

0.070 

1 

-1.50 

K 

Is 

672.293 

52853 

201.5';8 

3 

5 

0.49 

0.00.56 

0.037 

-1.77 

K 

Is 

671.718 

52725 

201.598 

1 

3 

0.38 

0.(K)77 

0.017 

-2.11 

K 

Is 

673.477 

.53115 

201.598 

5 

5 

0.16 

0.0011 

0.012 

-2.26 

K 

Is 

672.293 

52853 

201.598 

3 

3 

0.27 

0.0018 

0.012 

-2.27 

K 

Is 

673.477 

.53115 

201.598 

5 

3 

0.018 

7.5  X  10 

8.3  X  10  ' 

-3.43 

K 

Is 

24 

'P°-'D 
(UV  12) 

823.408 

82884 

204331 

3 

5 

1 

j  6.6 

1 

0.112 

0.91 

-0.474 

C. 

n 

25 

3s3p  — 

'P°-'D 

6'40.689 

82884 

227665 

3 

5 

0..58 

().tK)69 

0.047 

-1.68 

K 

3 

3s(“S)5</ 

(UV14) 

26 

3s3d— 

iD-'F° 

2559.21 

16.5965 

204828 

5 

7 

7.7 

1.1 

45 

0.7.3 

D- 

ra 

3s(*S)4/ 

(UV  ,55) 

27 

3«4i— 

■t.%0.1 

1.5.3377 

/  7.5.W0 

3 

9 

1.26 

1.18 

5.3 

()..5.5 

(:  + 

,3 

3i(*SMp 

(2) 

4552.62 

1,53377 

17.5,3,36 

3 

5 

1.26 

0.65 

29.4 

().2*)0 

{■.+ 

1 

/., 

1 

4567.82 

15,3377 

17,5263 

3 

3 

1.25 

()..392 

17.7 

().()7() 

(;  + 

Is 

4574.76 

1.53377 

17.52.30 

3 

1 

1.25 

1 

0.131 

5.‘> 

1 

-0.40f) 

(:  + 

Is 

28 

'S-'P” 

5739.73 

1.59070  ' 

176487 

1 

3 

0.47 

0.70 

13 

-0.16 

i)-f 

.3 

(4) 

29 

3p45'  — 

;il'«_:<D 

.U72.H 

226676 

24494.3 

9 

15 

0.79 

()..59 

96 

0.73 

I) 

va 

3p(*l”')4p' 

(12.08) 

5473.05 

226820 

245087 

5 

7 

0.79 

0..50 

45 

0.40 

I) 

Is 

.5451.46 

226527 

244866 

3 

•5| 

0.60 

0.45 

24 

0.13 

I) 

Is 

.5451.96 

2264(K) 

244737 

1 

.3 

0.46 

0.61 

n 

-0.21 

I) 

Is 

.5.539.93 

226820 

244866 

5 

5  1 

0.19 

0.088 

8.0 

-0.36 

D- 

Is 

.5490.11 

226527 

244737 

3 

3! 

0..33 

0.15 

8.0 

-  0.35 

D- 

Is 

1 

.5579.94 

226820 

244737 

5 

.3 

0.021 

0.0058 

0..53 

-1..54 

E 

Is 

30 

467t.2 

226676 

24S061 

*) 

9 

1.3 

0.42 

.58 

().,58 

I) 

Vil 

(13) 

4683.02 

226820 

248168 

5 

5 

0.95 

0.31 

24 

0.19 

D 

Is 

4665.87 

226.527 

247*4.54 

3 

3 

0.32 

0.10 

4.8 

-0.52 

D- 

Is 

4730.52 

226820 

247*454 

5 

3 

0..52 

O.iO 

8.1 

-0.30 

D- 

Is 

4683.80 

226527 

247872 

3 

1 

1.3 

0.14 

6.4 

-0.,38 

D- 

Is 

4619.66 

226527 

248168 

.3 

5  1 

0.33 

0.18 

8.1 

-0.27 

D- 

Is 

4638.28 

2264(K) 

247*454 

1 

.3 

0.43 

0.42 

6.4 

-0.,38 

D- 

Is 

31 

:ip"_:'S 

t.72t.2 

226676 

24877.3 

9 

.3 

1.4 

0.14 

19 

0.10 

1) 

ru 

(15) 

4554.(M) 

226820 

24877.3 

5 

3 

0.76 

0.14 

1' 

-0.15 

1) 

Is 

t-WI.OS 

226527 

24877.3 

.3 

3 

0.44» 

0.14 

6  2 

-0.,38 

!) 

Is 

4'468.4.5 

2264(M) 

24877.3 

1 

.3 

0.16 

0,14 

2.1 

-0.85 

1) 

Is 

32 

'P°-'[) 

8.341.93 

2,3,5951 

247*43,5 

.3 

5 

0.26 

0.46 

38 

0.14 

1) 

at 

(44) 

33 

'P°-'S 

4341.40 

235951 

258979 

.3 

1 

(46) 

1.8 

0.17 

7.2 

-0.30 

1) 

Vil 

84 


Si  111.  Allowed  Transitions  — Cowi'/nuet/ 


N... 

Truiisiliiiii 

Miillililci 

X(Ai 

/■-',(<  III  ') 

A7(i'iii  ') 

V, 

4^,(10"^e(•  ') 

u 

.S'(al.u.) 

A'/ 

Accc- 

Source 

Arru\ 

rary 

34 

5.S  ip  — 

Mill,  f 

IT.MOIt 

20/. 500 

9 

15 

.3.4 

1.2 

140 

1.03 

0 

ca 

.•i.s(“.S(4(/ 

l5| 

.38()fi..54 

17.5.3,36 

2()1.5‘W 

.■> 

7 

.3.4 

1.0 

65 

0.71 

D 

Is 

.3706. 1 1 

17526.3 

201,508 

.3 

5 

2.6 

0.93 

35 

0.45 

D 

Is 

.3701.41 

17.52,30 

201.508 

1 

.3 

2.0 

1.3 

16 

0.11 

1) 

Is 

|;3806.7| 

17.53,36 

201.508 

5 

5 

0.88 

0.19 

12 

-0.02 

D- 

Is 

|37%.2| 

17526.3 

201,508 

,3 

3 

1.5 

0.32 

12 

-0.02 

D- 

Is 

13806.71 

175,3,36 

201.508 

5 

3 

0.095 

0.012 

0.78 

-1.22 

E 

Is 

ss 

3.500.47 

176487 

204.3.31 

.3 

5 

,3.9 

1.2 

44 

0  57 

D 

ra 

(7i 

.% 

5i4/j  — 

.32.3  r.« 

1 7.1V  III 

206176 

9 

.3 

4.0 

0.21 

20 

0.28 

D 

ca 

5.s(''‘.S)5.s 

l6l 

,3241.62 

17.5.3,36 

206176 

s 

.3 

2.3 

0.21 

11 

0.03 

D 

Is 

.32.33.05 

17,526.3 

207)176 

,3 

,3 

1.3 

0.21 

6.7 

-0.20 

D 

Is 

3230., 50 

1752,30 

206176 

1 

.3 

0.45 

0.21 

2.2 

-0.68 

D 

Is 

:i7 

.318,5.13 

176487 

207874 

,3 

1 

,3.8 

0.19 

6.1 

-0.24 

D 

ca 

I8( 

:i8 

8sip  — 

IHtll.H 

1 7.1VIII 

220623 

0 

3 

1.7 

0.028 

1.5 

-0.60 

D 

ca 

S.sl'S  l6.s 

a  V  65) 

1842.06 

17.5,336 

220623 

5 

.3 

0.93 

0.028 

0.86 

-0.85 

D 

Is 

18,30., 50 

17,526,3 

22062.3 

3 

,3 

0.55 

0.028 

0.51 

-1.08 

D 

Is 

1838,47 

17,52,30 

22062.3 

1 

.3 

0.18 

0.028 

0.17 

-1.55 

D 

Is 

:V) 

(TV  70) 

18,5().()6 

176387 

2.30,364 

5 

1.6 

0.027 

0.50 

-1.08 

D 

ca 

40 

H.s4(/— 

ifj-'l*" 

746  U 

201.500 

2/4W2 

15 

9 

0.65 

0.33 

120 

0.69 

D 

ca 

(«.()3| 

7466,32 

2()1,5W 

214080 

7 

5 

0.54 

0  32 

56 

0.36 

D 

/■ 

7462,62 

201,508 

214005 

5 

,3 

0.49 

0.24 

30 

0.08 

D 

Is 

7461,80 

201,508 

214005 

3 

1 

0.63 

0.18 

13 

-0.27 

D 

is 

7465,67 

201.508 

214080 

,5 

0.097 

0.081 

10 

-0.39 

D 

Is 

7462,3,5 

201.508 

2!4<>0.5 

,3 

.3 

0.16 

0.14 

10 

-0.38 

D 

Is 

(746,5,61 

201.508 

214989 

.3 

5 

0.0065 

0.0091 

0,67 

-1.56 

E 

Is 

41 

0700,01 

204.3.31 

214005 

I'l 

.3 

0..39 

0.34 

.55 

0.23 

D 

ca 

|8.(I8) 

42 

5.54(/- 

,3486,01 

■Jlil.W 

■>.vrJ7ii 

15 

21 

1.8 

0.45 

78 

0.83 

D 

ca 

5i('‘S)5/ 

(8.06) 

4;i 

'D-'F° 

(8.(W( 

4716,65 

2()4.3.31 

225.526 

5 

7 

2.8 

1.3 

100 

0.81 

D 

ca 

44 

3.s4(/- 

:m4.l) 

■MII.VVI 

T.imi 

15 

9 

0.22 

0.019 

2.8 

-0.,5.5 

D 

ca 

3i(-S)6p 

(8.07) 

304,3,03 

201,500 

2,34442 

7 

5 

0.19 

0.019 

1.3 

-0.89 

D 

Is 

,3045,08 

201,508 

2,34428 

5 

,3 

0.17 

0.014 

0.70 

-1.15 

D 

Is 

3046.28 

201.508 

2,34415 

.3 

1 

0.22 

0.010 

0.31 

-1.52 

D 

Is 

(3043.81 

201508 

234442 

5 

5 

0.033 

0.0046 

0.23 

-1.64 

D- 

Is 

(304,5.11 

201,508 

234428 

3 

.3 

0.0.55 

0.0076 

0.23 

-1.64 

D- 

Is 

(.3043.81 

201.508 

234442 

.3 

5 

0.0023 

5..3X  10  ^ 

0.016 

-2.80 

E 

Is 

45 

3.s4(/ — 

•[)_'F° 

2440.48 

20/,5<(0 

mm 

15 

21 

1.2 

0.15 

18 

0.35 

D- 

ca 

3.s(^S)6/ 

(lA  78) 

40 

'D-'F° 

(1  V  8!) 

2,528.47 

204,331 

243860 

5 

7 

0.81 

0.11 

4.5 

-0.27 

D- 

ca 

47 

3^4/- 

ip_i[) 

4,377.6,3 

204828 

227665 

7 

5 

0.085 

0.017 

1.8 

-0.91 

D 

ca 

3s(’‘Sl5(/ 

(8.1.3) 

85 
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Sim.  Allowed  Transitions  — C'on^inuet/ 


Nn. 

Trati'nitiiin 

Mult  i|  lift 

X(A) 

F.'i(cm  ') 

Hk'  111  ') 

.4i/(10"m-<-  ') 

.S(at.u.) 

li'ti  «/ 

•Aci-ii- 

.Siiun'i' 

Array 

racy 

48 

:ipo_,p 

.i'or..} 

200570 

227086 

21 

15 

0.20 

0.071 

28 

0.17 

i) 

ru 

(8.17) 

.5716.29 

:','96(K) 

227089 

9 

7 

0.19 

0.074 

12 

-0.18 

h 

5704.60 

209.559 

227084 

7 

5 

0.18 

0.063 

8.3 

-0.36 

1 

I) 

Is 

.56%..50 

209531 

227081 

5 

3 

0.20 

0.060 

5.6 

-0..52 

1) 

Is 

5703.12 

209559 

227089 

7 

7 

0.016 

0.0076 

1.0 

-’..27 

D- 

Is 

.5695.52 

209531 

22701M 

5 

5 

0.022 

0.011 

1.0 

-J.26 

D- 

Is 

[5693.8] 

209531 

227089 

5 

7 

4.5  X  10  ' 

3.1  X  10  ' 

0.029 

-2.81 

E 

Is 

49 

3i5/i  — 

O 

1 

6 

7612.36 

214.532 

227665 

.3 

5 

1.1 

1.5 

120 

0.66 

1) 

ra 

35('S)5</ 

(10.01) 

50 

.1|>o_:iD 

8266..1 

214‘m 

227086 

9 

15 

0.93 

1.6 

390 

1.16 

I) 

ca 

(10.06) 

8262.57 

214989 

227089 

5 

7 

0.91 

1.3 

180 

0.81 

I) 

Is 

8269..32 

214995 

227084 

3 

5 

0.70 

1.2 

97 

0..56 

D 

Is 

8271.94 

214995 

227081 

1 

.3 

0.51 

1.6 

43 

0.20 

D 

Is 

8265.f4 

214989 

227084 

'n* 

o 

0.23 

0.24 

32 

0.08 

I) 

Is 

8271.38 

214995 

227081 

3 

3 

0.38 

0.39 

32 

0.07 

D 

Is 

8267.75 

214989 

227081 

.5 

3 

0.026 

0.016 

2.2 

-1.10 

E 

Is 

51 

3i5p  — 

'P°-iS 

6314.‘I6 

214.532 

2.30364 

3 

1 

1.2 

0.25 

15 

-0.13 

D 

ca 

3s(*S)6s 

(10.02) 

52 

68.72.9 

2/4W2 

22%23 

9 

.3 

1.3 

0.31 

63 

0.45 

1) 

ca 

(10.07) 

1 

6a31..56 

214989 

22%2.3 

5 

3 

0.74 

0.31 

35 

0.19 

1) 

i 

Is 

6834.08 

214995 

229623 

.3 

3 

0.44 

0.31 

21 

-0.03 

D 

Is 

6834.38 

214995 

229623 

1 

.3 

0.15 

0.31 

7.0 

-0.51 

D 

Is 

53 

3.s5/<- 

'P°-'S 

3569.67 

214532 

242.5.38 

3 

1 

0..58 

0.037 

1.3 

-o.% 

D 

ca 

3i!’‘S)75 

(10.04) 

1 

54 

:miM 

2im2 

242145 

9 

.3 

0.61 

0.041 

4.5 

-0.43 

D 

ca 

(10.09) 

3681.40 

214989 

242145 

5 

.3 

0.33 

0.041 

2.5 

-0.69 

D 

Is 

3682.15  1 

214995 

272145 

3 

.3 

0.20 

0.041 

1.5 

-0.91 

D 

Is 

3682.25 

214995 

242145 

1 

.3 

0.067 

0.041 

0.50 

-1.39 

D 

Is 

55 

3s3d— 

aO-'F” 

6.52.j..5 

227086 

242411 

15 

21 

0.38 

0.34 

no 

0.71 

D 

ca 

35<*S)6/ 

(17) 

6524.36 

227089 

242412 

7 

9 

0.39 

0.32 

48 

0..35 

D 

Is 

6522.63 

227084 

242411 

S 

7 

0.34 

0.31 

33 

0.19 

D 

Is 

6521.49 

227081 

242411 

3 

5 

0.32 

0.34 

22 

0.01 

D 

Is 

[6524.8] 

227089 

242411 

7 

7 

0.043 

0.027 

4.1 

-0.72 

D- 

Is 

[6522.61 

227084 

242411  1 

5 

5 

0.060 

0.038 

4.1 

-0.72 

D- 

Is 

[6524.81 

227089 

242411  1 

7 

5 

0.0018 

8.0  X  10  ^ 

0.12 

-2.25 

E 

Is 

56 

'D-'F’ 

6169.84 

227665 

243869 

5 

7 

0.12 

0.099 

10 

-0.30 

D 

ca 

(22) 

57 

3i5d- 

•’D-'P" 

5600.1 

227086 

2449.38 

15 

9 

0.10 

0.029 

7.9 

-0..36 

1) 

ca 

3i(*S)7/j 

(18) 

5.599.25 

227089 

244943 

7 

5 

0.086 

0.029 

3.7 

-0.69 

n 

Is 

.5600.95 

227084 

244933 

5 

3 

0.077 

0.022 

2.0 

-0.96 

D 

Is 

.5601.46 

227081 

244929 

.3 

1 

0.10 

0.016 

0.88 

-1.32 

D- 

Is 

5.597.90 

227084 

244943 

5 

5 

0.015 

0.0072 

0.66 

-1.44 

D- 

Is 

5600.00 

227081 

244933 

.3 

3 

0.025 

0.012 

0.66 

-1.44 

D- 

Is 

].5.5%.9] 

227081 

244943 

3 

5 

0.0010 

8.0  X  10  ^ 

0.044 

-2.62 

E 

Is 

58 

'D-‘P° 

.5810.19 

227665 

244871 

5 

.3 

0.078 

0.024 

2.3 

-0.92 

I) 

ca 

1 

J _ 

(23) 

86 
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Si  III 

Forbidden  Transitions 

Naqvi’s  calculations  [1]  are  the  only  available  source.  The  results  for  the  transitions 

are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  •'•P’  — 'P°  transi¬ 
tions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should  be 
partially  included. 

Reference 

|t)  Naqvi,  A.  M.,  Thesis  Harvard  (195t). 


Sim.  Forbidden  Transitions 


Si  IV 


(iround  State  \s-2<^2p^3s -S\ii 

Ionization  Potential  45.14  eV  =  .%4093.1  cm"' 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavt'lengtli  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  |A) 

No. 

437.84^ 

5 

1.533.22 

21 

4038.06 

37 

438.7.34 

5 

1672.61 

2.3 

4088.85 

1.3 

4.'’)7.818 

2 

1722.53 

8 

4116.10 

13 

4.58.1.S.S 

2 

1727..38 

8 

4212.41 

31 

.51.5.118 

4 

17%.  16 

19 

4314.10 

26 

516.348 

4 

1796.17 

19 

4328.18 

26 

559.533 

7 

1797..50 

19 

440.3.73 

41 

.560.980 

7 

2120.18 

15 

4411.65 

35 

645.7.59 

12 

2127.47 

15 

4416.51 

35 

749.941 

11 

2287.04 

20 

4602..58 

38 

815.049 

3 

2366.76 

27 

4611.27 

38 

818.129 

3 

2370.99 

27 

49.50,11 

33 

86()..5.51 

9 

2482.82 

25 

5304.97 

39 

860..560 

9 

2485.38 

2.5 

.5309.49 

,39 

861.118 

9 

2675.2 

22 

6667.56 

28 

1066.63 

10 

2723.8i 

32 

6701.21 

28 

1 122.49 

6 

2't71..52 

34 

6998.36 

40 

1 128,.33 

6 

3149..56 

17 

7047.94 

29 

1 128.34 

6 

316.5.71 

17 

7068.41 

29 

1210.65 

14 

3241. .57 

30 

76.30..50 

36 

1211.76 

14 

3241. .58 

30 

7654.56 

,36 

1228..3.5 

16 

3244.19 

30 

8240.61 

42 

1230.80 

16 

3762.44 

18 

8957.25 

24 

1393.76 

1 

.377.3.15 

18 

%18.16 

24 

1402.77 

1 

4031.39 

37 

87 
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Self-c<insist(‘nt  field  calculations  incliidin;’  |>olarizattoii  and  exchange  effects  hy  Douglas  and 
(iarstan"  [1|  are  available  for  several  multi|dets  of  this  ion.  The  values  arc  cx|>ected  to  be  accurate 
to  witbin  25  percent.  excei)t  for  the  transitions  3s— 4/i  and  3/)  — 4f/  where  lar"e  cancellation  effects 
occur  in  the  transition  inte;'ral.  Similar  but  less  refined  calculations  by  C3ia|>nian.  (ilarkc.  and 
Aller  [2|  are  ado])ted  for  those  transitions  which  Douglas  and  (larstan;:  have  not  covered. 

For  Si  IV.  a  member  of  the  sodium  isoelecironic  sequence,  it  is  possible  to  utilize  extensively 
the  dei)endence  of  usciliator  strenfiths  on  nurdear  char^ie  Ibr  the  interconiparisoii  of  analogous 
transitions.  Thus,  the  decree  of  fit  of  the  individual  /Values  into  the  systematic  trends  has  served 
as  one  of  the  decisive  factors  for  the  choice  of  accuracy  assignments. 
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Si  IV.  Allowed  Transitions 


No. 

Transition 

Mulliplel 

X(A) 

Filcni') 

AVu  iii  ') 

r 

f£i 

f^k 

.-/id  10"  .see  1) 

.Aa 

.Slal.n.) 

•of:  A'/ 

Aceii- 

.‘sdtin'e 

Array 

racy 

1 

1 

1 

.3s  —  3p 

0 

71.303 

2 

6 

9.15 

0.803 

7..38 

0.206 

11 

1 

1  1 

(I  V  li 

1393.76 

0 

71749 

2 

4 

9.20 

0.536 

4.92 

0.()30 

11 

1 

i  /s 

1402.77 

0 

71288 

2 

2 

9.0.3 

0  266 

2.46 

-0.274 

11 

Is 

2 

3s  — 4/> 

JS-.-po 

437. 

0 

1  218.373 

2 

6 

3.5 

0.0.33 

0.10 

-1.18 

I) 

1 

(I'V  2) 

457.818 

0 

\ 

218429 

1 

2 

4 

3.6 

0.023 

0.068 

-1.34 

I) 

Is 

458.155 

0 

218267 

i  2 

2 

3.6 

0.011 

0.034 

-  1.66 

1) 

Is 

3 

3/>  —  4s 

HI  7. 10 

71303 

193979 

6 

2 

36.8 

0.123 

1.98 

-0.132 

(:  + 

1 

(UV  4) 

818.129 

71749 

193979 

4 

2 

24.4 

0.123 

1..32 

-0.308 

(;  + 

Is 

815.049 

71288 

193979 

2 

2 

12.3 

0.123 

0.66 

-0.61 

(:  + 

Is 

4 

3/)  —  5s 

,5/.7.9.1 

71303 

26,5418 

6 

2 

12 

0.016 

0.17 

-1.01 

1) 

ra 

(I  V  6) 

516.348 

71749 

265418 

1 

4 

2 

8.2 

0.016 

0.11 

-1.18 

D 

Is 

515.118 

71288 

26.5418 

2 

2 

4.1 

0.016 

0.0.55 

-1.49 

I) 

Is 

5 

3p  —  6s 

4.18.44 

71303 

29%77 

6 

2 

6.4 

0.0061 

0.053 

-1.44 

D 

1 

ca 

(I  V  81 

438.734 

71749 

299677 

4 

2 

4.2 

0.0061 

0.035 

-1.61 

1) 

Is 

437.849 

71288 

299677 

2 

2 

2.2 

(/.0062 

0,018 

-1.91 

1) 

Is 

6 

3u-3d 

-P°--D 

1120.4 

71303 

l(AI37.3 

6 

10 

26.4 

0.84 

18.6 

0.70 

(;  + 

1 

(UV  3) 

11 28.. 34 

71749 

160374 

4 

6 

26.3 

0.75 

11.2 

0.477 

1 

(:  + 

Is 

1 122.49 

71288 

160376 

2 

4 

22.2 

0.84 

6.2 

0.225 

(:  + 

Is 

1128.33 

71749 

1»)0376 

4 

4 

4.37 

0.083 

1.24 

-0.479 

(:  + 

h 

7 

3p  —  4d 

-P°--D 

3(y0.30 

71.303 

250008 

6 

10 

1.0 

0.0081 

0.090 

-1.31 

D- 

1 

(UV  .5) 

560.980 

71749 

2,50003 

4 

6 

1.0 

0.0073 

0.0.54 

-1..53 

D- 

Is 

.5.59.533 

71288 

2.50008 

2 

4 

0.87 

0.0081 

0.030 

-1.79 

D- 

Is 

560.980 

71749 

2.50008 

4 

0.17 

8.1  X  10  ' 

0.0060 

-2.49 

D- 

Is 

8 

3d— 4p 

iD_qjo 

17-24.1 

1 0037 3 

■218.37.3 

10 

6 

.5.5 

0.148 

8.4 

0.170 

C 

1 

(I  V  lOi 

1722.53 

160374 

218429 

6 

4 

4.96 

1 

0.147 

5.0 

-0.0.55 

C 

Is 

1727.38 

160376 

218267 

4 

2 

5.5 

0.123 

2.80 

-0..308 

c 

Is 

1722.53 

160376 

218429 

4 

4 

0.55 

0.0247 

0..56 

-1.005 

c 

Is 

9 

3d— 5/» 

800. 7 i 

100373 

270.3.34 

10 

6 

1.8 

0.012 

0..33 

-0.93 

D 

ra 

(UV  12) 

860.551 

160374 

276579 

6 

4 

1.6 

0.012 

0.20 

-1.15 

1) 

Is 

1  1 

861.118 

160376 

276504 

4 

2 

1.8 

0.0098 

0.11 

-1.41 

f> 

Is 

860..560 

160376 

276579 

4 

4 

0.18 

0.0020 

0.022 

-2.11 

D 

Is 

88 


4 


I 
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Si  IV.  Allowed  Transitions  — Conf/'n Med 


"  1 

1 

S'*. 

Truioilinii 

Miilti|il)-t 

X)A) 

Fi((  in  ') 

1 

'  A.VOm  •) 

A'/ 

A's 

/f*,(l()"s<M’  ') 

h 

.S(ut.ii.) 

l"f: «/ 

Ac<'u- 

Siiun'e 

•\rra> 

racy 

10 

;w-4/ 

1 

-l)--l-'° 
ll  \  II) 

1066.63 

/60.17.S 

2.54/28 

10 

14 

39.1 

0.93 

32.8 

0.97 

(;+ 

ca 

II 

3i/-S/ 

(1  V  13) 

749.941 

/  60.1 7.5 

293719 

10 

14 

14.5 

0.171 

4.23 

0.233 

c 

ca 

12 

3// -6/ 

645.7.59 

/  60.1 7.5 

315230 

10 

14 

7.0 

0.061 

1.3 

-0.21 

D 

ca 

(’.  V  15) 

13 

4s  —  4/» 

-s--r 

4097.9 

193979 

218375 

2 

6 

1.56 

1.17 

31.7 

0.369 

B 

1 

(I) 

4088.85 

193979 

218429 

2 

4 

1.56 

0.784 

21.1 

0.195 

B 

Is 

4116.10 

193979 

218267 

2 

2 

1.54 

0.391 

10.6 

-0.107 

B 

is 

14 

4s  —  S/) 

-S--T° 

I2IIM 

193979 

276.5.54 

2 

6 

0.36 

0.024 

0.19 

-1.32 

D 

ca 

(l^V  16) 

1210.65 

193979 

276579 

2 

4 

0.36 

0.016 

0.12 

-1.51 

D 

is 

1211.76 

193979 

276504 

2 

2 

0.37 

0.0082 

0.066 

-1.78 

D 

is 

15 

4/; -5s 

d  V  18) 

2IJ5.0 

2/8.17.5 

265118 

6 

2 

9.0 

0.203 

8.5 

0.086 

C  -l- 

ca 

2127.47 

218429 

265418 

4 

2 

6,0 

0.204 

5.7 

-0.089 

C  "1" 

is 

2120,18 

218267 

26.5418 

2 

2 

3.00 

0.202 

2.82 

-0.394 

(:  + 

is 

16 

ip  —  6s 

(I  V  20) 

mn.o 

2/8.17.5 

29%77 

6 

2 

3.92 

0.0296 

0.72 

-t  5 

c 

ca 

1230.80 

218429 

29%77 

4 

2 

2.60 

0.0295 

0.478 

-0.93 

c 

is 

1228.35 

218267 

29%77 

2 

2 

1.30 

0.0294 

!  0.238 

1 

-1.231 

c 

is 

17 

4/)-4(/ 

qlO-iO 

■llOO.i 

2/8.17.5 

250008 

6 

10 

4.75 

1.19 

74 

0.85 

c  + 

1 

(2) 

316.5.71 

218429 

250008 

1 

4 

6 

4.75 

1.07 

44.6 

0.63 

c  + 

Is 

3149..56 

218267 

250008 

2 

4 

4.02 

1.20 

24.8 

0.380 

c  + 

is 

3165.71 

218429 

2.50008 

4 

4 

0.79 

0.119 

i.9b 

-0.322 

C-A 

is 

18 

4f/-5/^ 

.3766.0 

250008 

276.5.54 

10 

6 

2.37 

0.303 

37.5 

0.481 

c 

2 

(3) 

3762.44 

250008 

276579 

6 

1 

4 

2,14 

0.303 

22.5 

0.260 

c: 

is 

3773. 15 

250008 

276504 

4 

2 

2.36 

0.252 

12.5 

0.003 

c 

is 

3762.44 

250008 

276579 

4 

4 

0.240 

0.051 

2.53 

-0.69 

c 

is 

19 

id  —  bp 

-D-d'” 
(UV  23) 

/ 796.6 

250008 

.10.5668 

10 

:  6 

0.87 

0.0254 

1.50 

-0.60 

c 

ca 

1796.16 

250008 

30.5682 

6 

4 

0.78 

0.0253 

0.90 

-0.82 

c 

is 

1797.50 

250008 

305641 

,  4 

2 

0.87 

0.0210 

0.497 

-1.076 

c 

is 

1796.17 

2.50008 

305682 

4 

4 

0.087 

0.00421 

0.100 

-1.77 

c 

is 

20 

4f/-5/ 

(1  V  22) 

2287.04 

250008 

293719 

10 

14 

6.4 

0.70 

53 

0.85 

c 

ca 

21 

id-bf 

d)--F° 
d  V  24) 

1.533.22 

250003 

315230 

10 

14 

3.57 

0.176 

8.9 

0.246 

c 

ca 

22 

4/-5(/ 

d  V  25) 

267.5.2 

2.54/28 

291498 

10 

0.280 

0.0215 

2.65 

-0.52 

c 

ca 

23 

if  bd 

-F°  ’1) 
d'V  27) 

1672.61 

2.54/28 

313915 

14 

10 

0.12 

0.0036 

0.28 

i“1.30 

1 

D 

ca 

24 

5s  —  5/) 

8977.4 

265418 

276.5.54 

6 

0.420 

1.52 

90 

0.483 

c 

ca 

(3.01) 

8957.25 

265418 

276579 

2 

4 

0.421 

1.01 

60 

0.307 

c 

is 

9018.16 

26.5418 

276.5{M 

2 

2 

0.413 

0..50 

29.9 

0.003 

c 

is 

25 

5s  —  bp 

-S-jpo 

248.1.7 

265418 

iO'dtbH 

2 

6 

0.066 

0.018 

a.30 

-1.44 

D 

ca 

d  V  29, 

2482.82 

26.5418 

30.5682 

2 

4 

0.066 

0.012 

0.20 

-1.62 

i 

D 

is 

248,5.,38 

26,418  1 

30.5641 

2 

2 

0.066 

0.0061 

0.10 

-1.91 

D 

is 

83 
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IV.  Allowed  Trausitiom  — Continued 


No.  I  Transilii'ii 
I  Array 


26  I  5/)  —  6s 


27  5/>-75 


28  5i>-5d 


(4) 


(1  V  iV, 


-r--D 

(3.02) 


4328.18 

4314.10 


2370.99 

2366.67 

6689.8 

6701.21 

6667.56 

6701.21 


A,'ii(in  ') 


276579 

276504 


.A’»(<  ni  ')  ft  ft  .-It/dO^.-a-i- 

4  I 


276579 

276504 

276.5.74 

276579 

276504 

276579 


29%77 

29%77 
29%77  i 


276.5.54  318743 


318743 

318743 


291498  6  10 
291498  4  6 
291498  2  4 
291498  4  4 


0.0413 

0.0411 


.Si, It. 11. 1  Iliji /(/  Ai'i  n- Source 

ra<'> 

25.6  0.2.55  C  2 

17.1  0.077  C  Is 

8.5  -0.222  C  Is 

1.93  -0.61  C  ca 

1.29  -  0.78  C  Is 

0.64  -1.005  C  Is 

I 

201  0.96  C  ca 

121  0,74  C  Is 

67  0.484  C  Is 

13.4  -0.216  (■  Is 


29  5t/  — 6/i 


30 1  5</-7/> 


31  5t/-6/ 


-D--l'° 

(4.01) 


-D--r 

(.5.01) 


76.5.5.2  291498  .16.5668  10  6 

7047.94  291498  305682  6  4 

7068.41  291498  305641  4  2 

7047.94  •291498  .305682  4  4 

.1242.4  291.498  .•122.1.16  10  6 

3241.58  291498  .322338  6  4 

3244.19  291498  322313  4  2 

3241.57  291498  .322338  4  4 

4212.41  291498  31.5230  10  14 


0.0390 

0.0324 

0.0065 


62  0.428  C 

34.8  0.175  C 

6.9  -0..5.3  C 

4.16  1-0.409  C 

1 

2.50  l-n.6.3  C 


32  5d-y 


33  5/-6ri 


341  5/-7(/ 


35  6s -7p 


(I'V  32) 

-P-^D 

(.5.02) 

(I  V  ,33) 

(8) 


2723.81  291498  328200  10  14  1.1 


0.17  15 


0.23  I) 


49,50.11  293719  313915  14  10 


2971. .52  293719  327362  14  10 


44  n. 2 

4411.65 

4416.51 


299677  xriXW  2  6 


299677 

299677 


322338  2 

322313  2 


0.205  0.0.54  12.3  -  0.12,3  C 


0.0095  1.3  -  0.88  I) 


-1.52  1) 

-1.70  1) 

- 1.98  D 


36  6/1  — 7s 


.37  6/J-8S 


38  6i>-ld 


39  6(7 -8/j 


40  6(7-7/ 


(-J) 


(11) 


=r--D 

(10) 


•'i)--r 

(13) 


-1)-^P 

(12) 


7654.56 
7630., 50 


4038.06 

4031.39 


4611.27 
4602., 58 
4611.27 


5304.97 
5.309.49 

5.304.97 


.'16.5668 

30,5682 

,305641 


.305682 

305641 

.165668 

305682 

305641 

305682 

313915 

313915 

313915 

313915 


318743  6  2 

318743  4  2 

318743  2  2 

330440  6  2 

330440  4  2 

3.30440  2  2 

327362  6  10 

327362  4  6 

327362  2  4 

327362  4  4 

.1.127.55  10  6 

.332760  6  4 

.332744  4  2 

,332760  4  4 


6998.36  313915  328200  10  14 


0.190 

0.210 

0.0210 


0.053 

0.0443 

0.0089 


0.370  C. 

0.189  C 
-0.115  C 

-0.498  C 

-0.67  C 
-0.97  C 

-1.18  D 

-1.42  1) 

-1.65  1) 

-2.37  D 

-0.276  C 

-0.498  C 
-0.75  C 
-1.449  C 

0.75  1  C 
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Si  IV,  Allowed  Transiti<»n8  — Con/iViuef/ 


'fransition 

Array 

Multipli't 

\(A) 

h'llcm  ') 

A.'A)<-ni  ') 

A'. 

A 

1 

.4A,(lt)"sec  ') 

A 

.S(a(.(i.) 

1"):  «/ 

. 

Accu¬ 

racy 

.Sonn-e 

41 

6rf-8/ 

4403.73 

313915 

.336617 

to 

14 

0.41 

0.17 

24 

0.23 

D 

ca 

(14) 

42 

(i-id 

V--D 

8240.61 

315230 

327362 

14 

to 

0.126 

0.092 

34.8 

0.110 

C 

ca 

_ 

(15) 

Siv 


(iriiuiid  Stale 


\s-2s‘2p^  'Si, 


I(ini7.ati(iii  IViteniial 


166.73  eV  =  13451(«)  cm  ' 


Allowed  Transitions 

(lalciilatidiis  by  Kastiier.  Oinidvar.  and  I  nderwood  1 1  j.  em|>l(»yinii  Hartree-Fock  wavet'imctioiis 
and  incliKlin;:  intermediate  eoii|ilin^.  are  aNailal)le.  Since  the  calculations  an*  based  on  a  sinjilc- 
confijiiiration  a|t|troximation  only,  iincerlaiii  ies  of  up  to  50  pfrceni  are  expected  for  tlie  stronj: 
lines  and  even  bijiiicr  iincertainlies  for  the  we  ik  lines,  the  latter  beinjt  more  affected  by  assiiinptions 
about  the  conplin}i. 


Keferencc 


|l|  Kasinrr.  S.  t).,  t)Miiilvar.  K.,  tiinl  I  iultTwiMMl,  ,f,  H.,  .Aslropliys.  J.  148,  269-273  (I%TK 


Si  V.  Allowed  Transitions 


\c>. 

'fransilicm 

Array 

'  ■  1 

Mulii|il<-I 

A(A) 

/■.',(  cm  ') 

hUu  m  '( 

1 

A’i 

4a,<1I)"scc  ') 

A. 

.Slat. II.) 

1"!; «/ 

•\CMI- 

riir> 

Siiiin-c 

1 

2/,,i_2,,5|-I’^..)3.s 

[118.97] 

(I 

840.560 

1 

.3 

.3.3 

0.021 

().(K)82 

-  1.68 

K 

1 

•) 

2/<"-2/.-(-P^,),3.v 

[117.86] 

0 

8484(>0  : 

i 

1 

3 : 

1 

300 

0.19 

0.074 

-  0.72 

1 

l> 

1 

3 

2/,'‘-2/r’(-l’S,)3d 

'S-''l'“ 

[98.20^;] 

0 

1 

1 

1018240 

1 

!  i 

.3 

i 

8.8 

().(K)38 

().(K)12 

1  1 
-  2  42 

K 

1 

4 

2/)“-2/» 

■•(-l’?i,)3rf| 

I.S-'I’" 

[97.143] 

1) 

1029410 

1 

1 

i  3 

1 

2(K)0 

0.8-4 

0.27 

-0.08 

» 

1 

1 

5 

2/»"-2p 

■'(d’?.l,3d 

i 

[96.4,39] 

0 

10369.30 

1 

i 

480 

0.20 

0.06.3 

-0.70 

1 

1) 

1 

1 

M)8-()22  0-69—9 
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Si  VI 


(Ground  Stale 


Iuniza>i(>ri  Hutential 


205.11  eV=:  1654800  cm-' 


Allowed  Transitions 


The  value  for  the  2s-2p'’  -F°— 2s2p*  -S  multiplet  is  calculated  from  the  nuclear  charjse-expansioii 
method  of  Cohen  and  Dalgarno  [1].  It  may  be  quite  uncertain  since  configuration  interaction  eiTects 
with  configurations  involving  the  n  =  3  shell  electrons,  which  were  not  included  in  this  calculation, 
may  be  significant. 

Reference 

[1|  Ciihen.  M.,  and  Dalgarno.  A..  Proc.  Roy.  Soc.  London  a280,  258-270  (1964). 


Si  VI.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£,(cm*') 

£i*(cm-') 

Ki 

ft 

/fAi(10"se.-') 

h 

Slat.u.) 

luilfi/' 

■ 

Soun’e 

1 

2a-2p'-2a2p« 

2po_as 

247.04 

6 

2 

370 

0.11 

0.55 

-0.18 

D 

1 

i 

1 

0 

4 

2 

250 

0.11 

0.37 

-0.36 

D 

Is 

1 _ 

[249.13] 

5100 

2 

2 

120 

0.11 

0.18 

-0.t)6 

D 

Is 

Si  VI 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1]<  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  s'.own. 

Reference 

[11  Naqvi.  A.  M..  Thesis  Harvard  (1951). 


Si  VI.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

£c(cm-') 

ft 

ft- 

Type  of 
Transi¬ 
tion 

/f*-i(ser-') 

^'(at.u.) 

Accu¬ 

racy 

Source 

1 

2p'-2p» 

2po__»po 

[19603] 

0 

5100 

1 

2 

m 

2..38 

1.33 

A 

1 

92 


Ground  State 


l5*25*2/>^  ’Pj 


Ionization  Potential  246.41  eV=  1988000  cm~’ 

Allowed  Transitions 

The  values  are  calculated  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1] 
which  includes  limited  configuration  mixing.  From  comparisons  with  other  ions  in  the  isoelectronic 
sequence,  uncertainties  should  be  within  50  percent. 

Reference 

[I]  Ciilien,  M.,  and  Dalgarnn,  A.,  Proc.  Riiy.  Sue.  London  A280,  2.S8-270  (1964). 


Si  VII.  Allowed  Transitions 


Si  VII 

Forbidden  Transitions 

As  in  the  case  of  Na  IV  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Berger 
|2|.  For  a  discussion  on  the  selection  of  values  see  Na  IV.  since  the  same  considerations  have  been 
applied. 

References 

|I|  Naqv;,  K.  M.,  Thesis,  Harvard  (1951). 

(2)  Malville,  J.  M.  and  Berger,  R.  A..  Planetary  and  Spare  Srienre  IS,  1131-1136  (1  ^). 


Si  VII.  Forbidden  Transitions 


Si  VIII 


Ground  State 

Ionization  Potential  303.07  eV  =  24451 10  cm"' 


Allowed  Transitions 

Values  for  all  the  listed  transitions  are  calculated  from  the  nuclear  charge-expansion  method 
of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Judged  from  graphical 
comparisons  wi:h  other  ions  in  the  isoelectronic  sequence  and  from  the  general  success  of  Cohen 
and  Dalgarno's  method  for  similar  atomic  systems,  uncertainties  within  50  percetit  are  indicated. 


Reference 

[Ij  (Allien,  M..  and  Dalfcanio.  A.,  Pnic.  Rny.  Stii'.  Lnndrn  A280,  (1%4). 

Si  VIII.  Allowed  Transitions 


No. 

Truti.iii.iri 

Ar-.y 

Mulli|)lcl 

m 

KiU'in  0 

£»(cin  ') 

A'i 

t-’k 

/fAill0'‘s<-C  ') 

Jik 

.S'lat.u.) 

loj:  a7' 

Accii- 

raiy 

.Siiurcc 

1 

2s-2/>''  —  2i2/)' 

1 

0 

:{I47H1 

4 

12 

49 

0.22 

0.93 

-0.06 

1) 

1 

L'iiv.ai 

4 

6 

49 

-0.36 

D 

Is 

[316.20 

0 

4 

4 

0.074 

-0..53 

1) 

Is 

[314.31] 

0 

4 

2 

52 

0.039 

-0.81 

D 

Is 

2 

■117. m 

[OT.'iOS] 

f42«.{2/] 

110 

1.2 

0.11 

D 

1 

[67420] 

[428300] 

6 

6 

110 

0.12 

-0.14 

1) 

Is 

1276.84 

428360 

4 

4 

100 

-0.32 

Is 

277.05 

428360 

6 

4 

11 

-1.28 

E 

h 

276.89’ 

[67140] 

[42a300] 

4 

6 

7.6 

-1.28 

E 

Is 

94 


rc  ro  ro 


Si  VIII.  Allowed  Transitions  — CoraftViMe</ 


Si  VIII 

Forbidden  Transitions 


All  the  values  for  this  ion  have  been  taken  from  Pasternack  [1].  The  electric  quadrupole 
values  have  been  corrected  by  applying  Naqvi’s  value  [2]  for  the  electric  quadrupole  moment  Sq. 

References 


(1|  Paslprnack.  S..  Aslnipliys.  J.  92,  129  (1940). 
(21  Naqvi,  M..  Thesis  Harvard  (19.11). 
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Si  VIII .  Forbidden  Transitions —Conlinuerf 


No. 

Transition 

Array 

Muliiplei 

x(A) 

filcm*' 

) 

Ekicm- 

') 

Hi 

Hk 

Type  of 
Transi¬ 
tion 

-4ki(sec~‘) 

S(at.u.) 

Accu¬ 

racy 

Source 

4 

,,DO_2po 

67420 

6 

4 

m 

11 

0.0336 

c 

1 

mflKl 

T  TV 

6 

4 

0.38 

0.14 

D 

2 

2763.1 

T  t? 

4 

2 

12 

0.0188 

C 

1 

2763.1 

4 

2 

0.31 

0.060 

D 

2 

2784.7 

ixxt?! 

6 

2 

0.20 

0.040 

D 

2 

2719.5 

%  w 

4 

4 

20 

0.060 

C 

1 

[2719.5] 

1 12 

4 

4 

H 

0.17 

0.059 

D 

2 

5 

jpo^jpo 

■■ 

msmnm 

2 

4 

0.00175 

1.33 

B 

1.2 

[17.24  X  1(P] 

2 

4 

mm 

7.1  XIO-'^ 

2.6X10-* 

D- 

1,2 

Si  IX 


Ground  State  li*2s*2p*  ''Po 

Ionization  Potential  350.96  eV  =  2831470  cm”' 


Allowed  Transitions 

Most  data  are  obtained  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1]  which 
includes  limited  configuration  mixing.  Graphical  comparisons  of  this  material  within  the  iso- 
electronic  sequence  depicting  the  dependence  of  /-values  on  nuclear  charge  have  been  made,  and 
the  available  experimental  data  for  the  lower  ions,  mostly  from  liie  time  measurements,  establish 
fairly  definitely  that  the  uncertainties  should  not  exceed  50  percent. 


Reference 


[1]  Cohen,  M.,  and  Dalgarno,  A.,  Proc.  Roy.  Sue.  London  A280,  258-270  (1964). 


Si  IX,  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

mA) 

Eilcnr ') 

£i/.(cni') 

B 

A 

AkAW  sec-') 

fik 

.Slat.u.) 

l")£ «/ 

Source 

1 

2s-2p--2s2ir' 

ap-.iQo 

:m.40 

4452 

9 

15 

28 

0.084 

0.86 

-0.12 

Df 

1 

[349.96] 

6460 

5 

7 

27 

0.40 

D-f 

Is 

345.10 

3 

5 

21 

0.21 

D-l- 

Is 

341.95 

0 

1 

3 

16 

D- 

Is 

'349.77' 

6460 

5 

5 

6.8 

-1.19 

D- 

Is 

3 

3 

12 

0.021 

-1.20 

D- 

Is 

[349.67] 

6460 

292440 

5 

3 

8.3X10-' 

-2.38 

E 

is 

2 

••ip  _  ;ipo 

294.44 

4452 

9 

9 

70 

0.091 

0.79 

D 

1 

6460 

5 

5 

51 

0.068 

0.£J 

D 

Is 

2590 

3 

3 

18 

0.023 

-1.16 

D 

is 

6460 

5 

3 

29 

0.023 

0.11 

D 

Is 

2590 

rifiVrl 

3 

1 

71 

D 

Is 

2590 

3 

5 

18 

0.038 

0.11 

D 

Is 

0 

1 

3 

24 

0.092 

TliyiTia 

D 

Is 

Si  IX.  Allowed  Transitions— Co/ifinucrf 


A'dcm') 

filcnr') 

Mk 

/<x()10"  see' ') 

Jlk 

.Slat.u.) 

4452 

446980 

9 

3 

390 

0.10 

0.67 

-0.05 

6460 

446980 

5 

3 

210 

0.099 

-0.31 

2590 

446980 

3 

3 

130 

0.099 

-0..53 

0 

446980 

1 

3 

45 

0.10 

-1.00 

[52960] 

[440410] 

5 

5 

200 

0.20 

0.85 

0.00 

[52960] 

[492820] 

5 

3 

250 

0.12 

0.44 

-0.22 

[107780] 

[492820] 

1 

3 

66 

0.20 

0.17 

-0.70 

Forbidden  Transitions 

The  adopted  values  represents,  as  in  the  case  of  Na  VI.  the  work  of  Naqvi  [1].  Malville  and 
Berjier  [2],  and  Froese  [3].  For  the  selection  of  values,  the  same  considerations  as  for  NaVI  are 
applied,  the  one  exception  bein^  that  Froese's  ma^tnetic  dipole  values  are  also  used.  Since  the 
observed  energy  levels  are  uncertain,  it  is  felt  that  the  {  and  t)  calculated  from  her  theoretical 
enertty  levels  will  be  as  accurate  as  the  experimental  ones. 

References 

11  Naqvi,  A.  M..  Theaia  Harvard  (1%!). 

2]  Malville.  J.  M.  and  Berner,  R.  A..  Planetary  and  Space  Science  13,  ll.?l-ll.%  (1%5). 

.ij  Froese.  C..  Astrophys.  J.  145,  932-935  (1966). 

Si  IX.  Forbidden  Transitions 


Transition 

Array 

Mulliplel 

2/)»-2p* 

•P-'D 

»P-'S 

'D-'S 

£((cm'') 

0 

2590 

0 

6460 

2590 

6460 

2590 

6460 

0 

[52960] 

2590 

.52960 

2.590 

(52960 

6460 

'52960 

6460 

(52960] 

2590 

[107780] 

6460 

(107780] 

[52960] 

[107780] 

IB 


Type  of 

Transi-  .4i((»ec'’) 
lion 


6.1  X  10-" 


Accu- 

.S(at.u.)  racy  Source 


3.6X10-M  D 

C  1.2. 

1.6X10-M  D 

C  1.2. 


C  2. 3 

9.6X10M  D  3 


CO  COCO  CO  CO  CO  CO  CO 


Gnmnd  State 


lsW2/r^P?,2 


Six 


Ionization  Potential 


401.3  eV  =  3237400  cm-' 


Allowed  Transitions 

List  of  tabulated  lires: 


Wavelength  (.4) 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

50.524 

10 

280.03 

6 

360.63 

7 

50.691 

10 

280.32 

6 

361.13 

7 

50.703 

10 

287.25 

4 

.391.85 

9 

253.81 

3 

289.28 

4 

392.43 

9 

256.58 

3 

292.31 

4 

398.50 

9 

258.39 

3 

347.43 

1 

399.11 

9 

261.27 

3 

348.71 

540.95 

8 

272.00 

2 

349.00 

.553.71 

8 

277.27 

2 

_ 

356.07 

554.45 

8 

Values  for  the  majority  of  the  transitions  are  calculated  from  the  nuclear  charge-expansion 
method  of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Graphical  com¬ 
parisons  with  other  data  for  the  lower  ions  of  this  isoelectronic  sequence  indicate  that  the  uncer¬ 
tainties  should  be  within  50  percent. 

For  the  2p*P®  — 3<f  D  multiplet  we  have  obtained  data  by  exploiting  the  dependence  of /-values 
on  nuclear  charge:  In  this  case  accurate  data  for  several  other  ions  of  the  boron  sequence  are 
available  from  extended  self-consistent  field  calculations  by  Weiss  [2]  in  which  configuration  mixing 
is  fully  included.  Utilizing  those  values,  which  are  also  supported  by  some  experimental  results  on 
lower  ions,  we  have  obtained  for  this  ion  the  /-value  of  the  above  multiplet  simply  by  graphical 
interpolation. 


References 

(11  Cohfn,  M..  and  Dalgarno,  A.,  Proc.  Roy.  Sk*.  London  AStSO,  2.'58-270  U964). 
|2|  Weiss,  A.  W..  private  communication  (1967). 


Si  X.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplel 

x(Ai 

A', (cm  ') 

1 

Ktd  m  '( 

Hi 

A 

/IjitlO"  sec  ') 

.S(al.u.) 

log  «/' 

1 

Source 

1 

2s‘2p  — 

jp«_2D 

.m/f 

466(1 

287830 

1 

10 

2.3 

0.51 

-0.36 

I) 

1 

69<AI 

287830 

4 

6 

23 

0.31 

-0.58 

I) 

Is 

[347.431 

2 

4 

21 

0.17 

-0.83 

1) 

Is 

4 

3.8 

1 

0.034 

-1.53 

E 

Is 

2 

,po_..s 

27.5.49 

367650 

■ 

2 

97 

-0.65 

D-l- 

1 

1277.271 

4 

2 

62 

-0.64 

Is 

1  0  i 

1  367650 

2 

2 

34 

-1.13 

1  D  + 

Is 

98 


Si  X 

Forbidden  Transitions 

List  of  tabulated  lines: 


Wavelength  (A] 

No. 

Wavelength  {A] 

No. 

Wavelength  (A) 

No. 

431.15 

5 

501.10 

4 

3794.0 

8 

435  73 

5 

795.10 

3 

4525.7 

8 

439.21 

5 

810.83 

3 

14302 

1 

442.65 

5 

835.14 

3 

16579 

2 

443.97 

5 

941.89 

7 

23468 

9 

451.16 

3 

981.26 

7 

27848 

2 

406.40 

4 

1252.8 

6 

40972 

2 

492.25 

4 

For  all  the  values  on  this  ion  Garstang[lj  is  the  only  available  source.  The  transition  probability 
of  the  magnetic  dipole  transition  in  the  ground  state  2p  configuration  should  be  quite  accurate, 
since  it  dues  nut  depend  on  the  interaction  parameters.  The  rest  of  the  magnetic  dipole  values 
should  be  good  to  within  25  percent  since  the  energy  levels  are  experimentally  known. 

The  electric  quadrupole  integral  Sq  was  determined  by  two  independent  methods:  (a)  extrapo¬ 
lation  within  the  isoelectronic  sequence  and  (b)  by  using  the  Coulomb  approximation.  The  two 
results  agreed  in  predicting  an  Sq  of  0.20. 


Reference 


[1]  Garslanit,  R.  H.,  Ann.  Aalrophya.  2S,  109  (1962). 


Si  X.  Forbidden  Transitions 


No. 


Transition 

Array 


>-('S)2p 


'2p*-2s2p 


Multiplet 

a(A) 

£((cm" 

') 

£t(cm' 

1 

) 

Hi 

Mu 

— 

Type  of 
Transi¬ 
tion 

Aiiiisfc-') 

S(Bt.U.) 

Accu¬ 

racy 

2po_  jpo 

■ 

14302 

2 

4 

m 

1.33 

[14302] 

2 

4 

e 

1.5  X  10-' 

D 

<P_4P 

[162060 

r 164500] 

2 

4 

m 

0.32 

3.26 

C 

sm 

2 

4 

e 

7.6X  10-'‘ 

D 

16579 

1  im 

2 

6 

e 

4.2x10" 

D 

27848 

S 

4 

6 

m 

0.74 

3..56 

C 

[27848] 

4 

6 

e 

4.4  XIO-' 

D 

287830 

2 

4 

m 

4.8 

3.58x10-* 

C 

795.10 

287830 

2 

4 

e 

0.024 

1.8X10-' 

D 

237830 

4 

4 

m 

18 

0.00142 

C 

287830 

4 

4 

e 

0.0010 

8.3x10-7 

287830 

6 

4 

m 

5.7 

4.92  X  10-* 

c 

835.14 

287830 

6 

4 

e 

0.29 

2.8X10-* 

y  ^[1] 

287830 

2 

6 

e 

4.3X10-" 

i; 

287830 

4 

6 

m 

10 

0.00119 

C 

i:  iVriii 

287830 

4 

6 

e 

3.3X10-' 

835.14 

287&30 

6 

6 

m 

47 

C 

[835 

14] 

287830 

6 

6 

e 

1.2x10-' 

\ 


S?  X.  Forbidden  Transitions  — Confinuet/ 


Tiansiiii.n 
A.-  .i, 

Multiple  1 

x(A) 

Edtm' 

) 

■■ 

EiM-n.  1 

, 

r vpr  of 
'l.-jns'- 

liiii 

'msec  ') 

r 

4.56.40 

1162060 

367650 

2 

2 

m 

60 

492.25 

164500 

367650 

4 

2 

m 

240 

492.25 

164500 

367650 

4 

2 

e 

0.0072 

501.10 

[168090' 

367650 

6 

2 

e 

0.15 

'P-'P 

(439.21) 

162060 

389740 

2 

2 

m 

13 

(443.97) 

164500 

389740 

4 

2 

m 

7.6 

(443.971 

164500 

389740 

4 

2 

e 

(451.16 

168090 

389740 

6 

2 

e 

(431.15 

162060 

394000 

2 

4 

m 

(431.15 

162060 

394000 

2 

4 

e 

(435.73 

164500 

394000 

4 

4 

m 

8.4 

435.73 

164500 

394000 

4 

4 

e 

442.65 

168090 

394000 

6 

4 

m 

13 

442.65 

168090 

394000 

6 

4 

e 

'D-'S 

1252.8) 

287830 

367650 

4 

2 

m 

1252.8) 

287830 

367650 

4 

2 

e 

1252.8) 

287830 

367650 

6 

2 

e 

13 

'D-'F 

981.26 

287830 

389740 

4 

2 

m 

14 

981.26 

287830 

389740 

4 

2 

e 

981.26 

287830 

389740 

6 

r, 

e 

1.3 

941.89 

287830 

394000 

4 

‘1 

m 

26 

941.89 

287830 

394000 

4 

4 

e 

941.89 

287830 

394000 

6 

4 

m 

15 

941.89 

287830 

394000 

6 

4 

e 

(4525.7) 

367650 

389740 

2 

2 

m 

11 

(3794.0) 

367650 

394000 

2 

n 

m 

4.6 

■■■ 

(3794.0) 

367650 

394000 

2 

II 

e 

2.0  X  10-' 

■ 

(23468) 

389740 

394000 

2 

II 

m 

0.67 

(23468) 

389740 

394000 

2 

11 

e 

1.2X10-" 

Sfal.u.J 


5.1XlO-< 
0.00212 
2.5X  10  ' 
5.6  X  10  « 


Acfij. 

rary 


Sourer 


C 

C 

I) 

D 


8.2  X  10  ' 
4.9.^xl0  ' 
2.0X  10  « 
1.3X10  « 
5.9  X  10-' 
9.5X10-' 
1.03X10-' 
3.6X10-" 
1.67X10' 
1.7X10* 


(.’ 

C 

D 

D 

C 

D 

C 

D 

C 

I) 


2.33  X  10-' 

0.033 

0.049 


9.8  X  10-' 
7.3  X  10-' 
0.0014 
0.00322 
9.4X10-' 
0.00186 
1.3X10-' 


C 

D 

D 

C 

D 

C 

D 


0.076 

0.0373 

3.7X10-' 


C  1 

C  1 

D  1 


1.28  r.  1 

0.020  D  1 


Si  XI 


(•round  State  ls*2s*  'So 

Ionization  Potential  476.0  eV  =  3840470  cm"' 

Allowed  Transitions 

(larstans:  and  Shamey  [1]  have  obtained  the  /-value  for  the  intercombination  line  2'Sii— 2''P| 
by  calculating  the  ratio  of  this  line  against  the  resonance  transition  in  the  intermediate  coupling 
approximation  and  by  using  fur  the  resonance  line  a  value  calculated  according  tu  Cuhen  and 
Dalgarnu's  method  (2].  The  data  calculated  from  the  charge-expansion  method  uf  Cuhen  and 
Dalgarno,  [2]  which  includes  limited  configuration  mixing,  are  estimated  to  be  usually  accurate  to 
50  percent  or  better,  while  the  charge-expansion  method  uf  Naqvi  and  Victor  [3]  should  be  less 
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reliable  when  the  effects  nl' eniifi^urution  iiiieructioii  are  strong,  since  these  are  neglected  entirely. 
In  assigning  the  accuracy  estimates  tor  these  methods  as  well  as  for  the  (.liulomh  a|i|iroxiniation 
we  were  to  a  great  extent  guided  hy  studying  the  degree  ot  tit  of  the  data  into  the  systematic  trends 
along  isoelect  roll  ic  sequences. 
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Si  XI.  Alldwed  Transitions 


No. 

Transition 

Array 

Mnitiplet 

\(A) 

f'lcni  ‘1 

A'llciii 

) 

Mi 

■lid  10"  sec  '1 

Jik 

.Slat.n.l 

log  Ml 

Ami- 

ra«> 

.Source 

! 

\ 

I 

6 

> 

1 

25*-25pS)2p 

iS_npo 

i 

\ 

[58-2.89] 

0 

[171560] 

1 

3 

0.0050 

7.6  X  10-'' 

1.4X  10  ' 

-4.12 

n 

l/I 

i 

2 

'S-'P° 

[303., 58] 

0 

329400 

1 

3 

64 

0.264 

0.264 

-0..58 

c 

2 

' 

3 

2s2p-2/j' 

.16.5 .«« 

,  [17420ft] 

[44fti22] 

9 

9 

.51 

0.10 

1.1 

-  0.05 

i)  + 

2 

[365.421 

[176810] 

[450470] 

5 

5 

38 

0.076 

0.46 

-0.42 

D  (- 

Is 

1 

364.50] 

171560] 

445910 

3 

3 

13 

0.026 

0.092 

-1.11 

D- 

Is 

371.61] 

176810 

445910 

5 

3 

20 

0.025 

0.15 

-0.90 

1)- 

Is 

368.38 

171560 

443020 

3 

1 

49 

0.033 

0.12 

-1.00 

D- 

Is 

1 

358.54 

171.560 

450470 

3 

5 

13 

0.042 

0.15 

-0.90 

D- 

Is 

i 

,361.3r 

169140 

[445910] 

1 

3 

17 

0.10 

0.12 

-1.00 

D- 

Is 

1 

4 

[60*1.76] 

329400 

49.3400 

3 

5 

11 

0.11 

0.64 

-0.48 

D- 

2 

U 

1 

.“) 

ipo.I.S 

[3.59.41] 

329400 

607630 

3 

i 

100 

0.068 

0.24 

-0.69 

K 

2 

i 

6 

2j’-2i(=.S)3/< 

i.S-ip« 

[43.763] 

0 

22a5040 

1 

3 

7200 

0.62 

0.089 

-0.21 

K 

3 

j 

7 

242/1- 

ip’-is 

[.52.299] 

329400 

2241480 

3 

1 

580 

0.007!) 

0.0041 

-  1.63 

K 

3 

f 

24(‘S)3i 

i 

8 

2s34  — 

IS-ipo 

[2295.0] 

2241480 

22^5040 

; 

3 

0  68 

0.160 

1.21 

-0.80 

C 

3 

5 

2sPS)3/i 

1 

9 

2s3/i  — 

'P°-'D 

[1316.3] 

228.5040 

2361010 

3 

5 

3.04 

0.132 

1.71 

-0.402 

C 

C(l 

24(*.S)3d 

!0 

2/1.3/1- 

'D-'P 

12040.6] 

2532140 

2.581130 

5 

7 

0.83 

0.073 

2.44 

-0.438 

C 

ca 

■1 

2/i(2P°)3d 

1 

Si  XI 

Forbidden  Transitions 

The  transition  prohuhility  for  that  part  of  the  2s'- 'S« -  2s2/; ''Pa  transition  which  is  magnetic 
quadrupole  radiation  is  taken  from  calculations  of  (iarstang  [1].  We  have  renormalized  his  result  • 

using  for  the  resonance  line  a  transition  integral  calculated  hy  the  method  of  Cohen  and  Dal-  j 

garno  [2]  (see  also  Allowed  Transitions;  for  the  addition  of  transition  iirobabilities  arising  from  | 

various  tyjies  of  radiation,  see  the  (ieneral  Introduction;  for  the  relation  of  /f*./  (m.ij.)  to  other  j 


(juantities  [I])-  j 


Na<|vi's  (-alciilatiims  [3]  anr  the  only  available  source  for  the  ether  transitions.  The  results 
for  the  •■*1’°  — •■*1’''  lines  are  e.ssentially  independent  of  the  choice  of  the  interaction  parameters.  For 
the  'l’°  transitions.  Na(|vi  uses  empiri<‘al  term  intervals,  i.e.,  the  effects  of  confijjuration 
interaction  should  he  partially  included. 
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Si  XI.  Forbidden  Transitions 


No, 

Transition 

Array 

Muiliplel 

x(A) 

F,(cm') 

AVlcrn'M 

Pi 

Pk 

Type  of 
Transi¬ 
tion 

.dulsec  ') 

.S'(al.u.) 

Accu¬ 

racy 

Source 

1 

25-  — 25(-S)2p 

H 

565.58 

[176810] 

1 

5 

0.14 

I.  2 

2 

252/»— 2s(-S)2/» 

:ij>o 

■■ 

141311] 

1 

3 

m 

0.255 

2.00 

3 

DQQI 

3 

5 

m 

1.95 

2.50 

H 

3 

3 

:ij»o _ ijio 

623.99 

[169140 

1 

3 

m 

.39.2 

0.00106 

■9 

3 

1 

633..55 

3 

3 

m 

1220 

0.0346 

c 

3 

1 

6.55.35] 

L  - 

[176810; 

5 

3 

m 

42.5 

0.00133 

c 

3 

Si  XII 

(iroiind  State  ls22s  -Stn 

Ionization  I'otential  523.2  eV  =  4221460  cm”' 

Allowed  Transitions 

For  the  transition  2s  — 2p,  the  charge-expansion  calculation  of  (aihen  and  Dal^rarno  |1)  is 
chosen.  An  uncertainty  of  less  than  10  percent  is  indicated  from  the  ;:raphical  comparison  of  this 
value  with  the  other  material  for  the  same  transition  within  the  isoelectronic  sequence.  Data  for 
the  other  listed  transitions  have  been  obtained  from  the  Coulomb  approximation.  Plots  of  the 
dependence  of  /-value  on  nuclear  charge  for  all  these  transitions  have  been  made  and  show  that 
this  material  connects  up  very  smoothly  with  the  data  for  the  lower  ions  as  well  as  with  the  hydro- 
genic  value  for  infinite  nuclear  charge.  Based  on  this  impressive  agreement,  accuracies  of  10 
percent  (or  2.3  percent  for  some  of  the  smaller  values)  are  indicated. 
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|1|  Cohen.  M..  and  Dalgarno,  A.,  Pror.  Roy.  Soe.  London  A280,  258-270  (1%4). 


103 


Si  XII.  Allowed  Transitions 


/!*.((  10" 

h 

.S’(al.u.| 

9.36 

n  )08 

0.360 

9.77 

0.240 

8.59 

0.ui.,j 

0.120 

1990 

0.0207 

0.0186 

1320 

0.0207 

0.0124 

668 

0.0207 

0.00620 

1.39  X  W 

0.675 

0.588 

1.38  xl(P 

0.607 

0..353 

1.16X  1(P 

0.676 

0.196 

2300 

0.0674 

0.0392 

Array 


1  2s-2p 

2  2p-Zs 

3  2p-M 


2S-*P° 


*P“-»S 


*P=-->D 


[499.28] 

[521.10] 

4.5..598 

[45.656 

[45.482 


4.5. .598  mm 


656]  200290 

482]  191900 

118  mm 


44.165]  200290 
44.021]  191900 
44.184]  200290 


9749.1  2  6 

00290  2  4 

91900  2  2 


90580  2  2 

64/.14  6  10 

64530  4  6 

63540  2  4 

63540  4  4 


-0.666  B 


-0.836  B 
-1.155  .B 

-0.906  B 

- 1.082  B 
-1.383  B 

0.607  B 

0.385  '  B 
0.131  B 
-0.569  B 


PHOSPHORUS 


Pi 

(Jntund  State  \s^2s^2p’''is^3ir' 

Ionization  Potential  10.484  eV  =  84580  cm'* 

Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A] 

No. 

Wavelength  [A] 

No. 

1534.7 

4 

■  5098.20 

16 

7486.79 

24 

1.534.73 

4 

5100.96 

16 

7496.23 

24 

1671.68 

1 

5109.62 

16 

7505.76 

24 

1674.61 

1 

5149.46 

15 

7563.63 

24 

1679.71 

1 

5154.84 

15 

7600.7 

24 

1719.00 

3 

5162.28 

15 

7834.2 

25 

1725.85 

3 

5166.8 

16 

7917.84 

25 

1774.99 

2 

5189.9 

15 

7953.9 

25 

1732.87 

2 

5222.1 

15 

8002.63 

25 

1787.68 

2 

5258.1 

15 

8046.79 

25 

1858.91 

7 

5262.07 

19 

8090.08 

25 

1859.43 

7 

5293.53 

19 

8139.1 

25 

2135.47 

6 

5345.86 

19 

8190.4 

25 

2136.18 

6 

5378.32 

19 

8637.62 

20 

2149.14 

6 

5458.31 

IS 

8741.54 

20 

21.52.94 

10 

5477.75 

18 

9175.85 

13 

2154.08 

10 

5548.49 

18 

9304.88 

13 

2222.57 

5 

6673.71 

21 

9525.78 

13 

2223.35 

6717.42 

21 

9563.45 

12 

2234.95 

5 

6979.76 

23 

9593.54 

12 

22.35.73 

5 

6985.2 

23 

9608.97 

12 

2242.53 

5 

700!  .54 

23 

9734.74 

12 

2533.99 

9 

7017.32 

23 

9750.73 

12 

2535.61 

9 

7051.93 

23 

9790.08 

14 

255.3.25 

9 

7084.2 

23 

9796.79 

12 

25.54.90 

9 

7102.21 

23 

9903.74 

14 

2659.4 

8 

7154.03 

23 

9976.65 

12 

2675.31 

8 

7158.37 

22 

10084.2 

14 

2677.13 

8 

7165.45 

22 

10204.7 

14 

2636.17 

8 

7175.12 

22 

10511.4 

11 

2688.00 

8 

7176.66 

22 

10529.5 

11 

4978.11 

17 

7197.83 

22 

10.581.5 

11 

.5015.86 

17 

7235.49 

2? 

10596.9 

11 

5045.40 

16 

7268.33 

22 

10681.4 

11 

50.';9.20 

16 

7282.38 

22 

10769 

11 

5061.91 

16 

7343.11 

22 

10813.0 

11 

5079.37 

17 

7459.80 

24 

10974 

11 

Varsavsky's  value  [1]  for  the  3s*3/;'' ^S°— 3s3/d '•P  multiplet,  calculated  by  means  of  a  screen¬ 
ing  approximation  which  neglects  the  im|Nirtant  effects  of  cunfi^mration  interaction,  should  be 
quite  uncertain— probably  too  hi}:h  as  jud^ied  from  other  comparisons.  Results  of  lifetime  meas¬ 
urements  and  intermediate  coupling  calculations  by  Lawrence  [2]  have  been  adopted  for  many 
lines  in  the  uv  region.  The  measured  lifetimes  have  been  used  by  Lawrence  to  provide  an  absolute 
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scale  for  the  calculated  transition  probabilities.  The  /-values  of  transitions  iiivolvin"  a  change  in 
spin  (intercombination  lines)  are  expected  t<»  be  rather  uncertain,  since  they  are  >piitc  small. 

The  above  two  sources  cover  only  a  small  portion  of  the  known  multiplets  of  this  atom.  Tims  i 

the  Coulomb  approximation  has  been  extensively  employed  in  order  to  have  at  least  some  of  the  i 

remaininjf  prominent  lines  represented.  Since  there  is  very  little  comparison  material  available  | 

for  analofious  transitions,  these  values  shtmid  be  used  cautiously,  particularly  those  transitions  j 

with  accuracy  assignments  of  “E”.  since  severe  cancellation  in  the  transition  integral  occurs  I 

for  the  latter.  Additional  uncertainties  in  these  data  may  he  due  to  deviations  from  I.S-couplinj:.  | 

There  are  indications  from  the  enerjiy  level  spacin}:s  that  some  deviations  may  be  encountered.  j 
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P  I.  Allowed  Transitions 


No. 

Transition 

Multiple! 

x(A) 

Eiicin  ') 

EkU-i'.\  ') 

Pi 

Pi 

.^A/dO"  sec  ') 

.mA 

.Stat.u.) 

1");  p/ 

■Accii- 

.Sdurcc 

Array 

u 

rai’y 

1 

3s-3fr^—3s3p* 

4SO_4p 

1676.6 

0 

.m4.i 

4 

12 

11 

1.4 

30 

0.74 

E 

1 

(2  uv) 

1679.71 

0 

59535 

4 

6 

11 

0.68 

15 

0.43 

E 

/s 

1674.61 

0 

59716 

4 

4 

11 

0.45 

10 

0.26 

E 

/s 

1671.68 

0 

59820 

4 

2 

11 

0.23 

5.0 

-0.04 

E 

Is 

2 

3/r'- 

4S<>_4p 

177*). 7 

0 

.56/90 

4 

12 

2.16 

0.307 

7.2 

0.089 

C 

2 

3p-(''P)45 

(1  uv) 

1774.99 

0 

56340 

4 

6 

2.17 

0.154 

3.59 

-0.210 

C 

2 

1782.87 

0 

.56090 

4 

4 

2.14 

0.102 

2.39 

-0.389 

C 

2 

1787.68 

0 

55939 

4 

2 

2.13 

0.051 

1.20 

-0.69 

(; 

2 

3 

4so_:.p 

1719.00 

0 

58174 

4 

4 

0.0026 

1.2X  10  ' 

0.0026 

-3.32 

E 

2 

1727.85 

0 

57877 

4 

2 

0.0015 

3.4  X  10 

7.6  X  10^ 

-3.87 

E 

2 

4 

3p-'- 

3p^('D)4s' 

4S<-_2D 

1.534.73 

0 

65157 

4 

6 

4.4X  10  ' 

2.3X  10 

4.7X  10  ^ 

-4.04 

E 

2 

[1534.7] 

0 

65157 

4 

4 

8.2  X  10  ' 

2.9X  10  " 

5.9X  10 

-4.94 

E 

2 

5 

3p'- 

3pH^?ns 

(3  uv) 

2223.35 

11376 

56340 

6 

6 

8.8  X  10  ’ 

6.5  X  10  ' 

0.0029 

-.3.41 

E 

2 

2234.95 

11362 

56090 

4 

4 

0.0013 

9.7  X  10  ' 

0.0029 

-.3.41 

E 

2 

2235.73 

11376 

56090 

6 

4 

0.0062 

3.1  X  10  ' 

0.014 

-2.7.3 

E 

2 

2242..53 

11362 

55939 

4 

2 

0.0040 

1.5  X  10  ^ 

0.0045 

-3.22 

E 

2 

2222.57 

11362 

56340 

4 

6 

.5.4X  10  ■> 

6.0  X  10  « 

1.8X  10  < 

-4.62 

E 

2 

6 

2140.4 

iim 

.5807.5 

10 

6 

3.06 

0.126 

8.9 

0.100 

C 

2 

(4  uv) 

2136.18 

11376 

58174 

6 

4 

2.83 

0.129 

5.4 

-0.111 

C 

2 

2149.14 

11362 

57877 

4 

2 

3.18 

0.110 

3  12 

-0.357 

C 

2 

213.5.47 

11362 

58174 

4 

4 

0.211 

0.0144 

0.406 

-1.240 

c 

2 

7 

3p'- 

/8.59.2 

urn 

65157 

10 

10 

2.81 

0.145 

8.9 

0.161 

c 

2 

3p*('D)4s' 

(5  uv) 

18.59.43 

11376 

65157 

6 

6 

2.64 

0.1.37 

5.0 

-0.085 

c. 

2 

1858.91 

11362 

65157 

4 

4 

2.54 

0.132 

3..22 

-0.277 

c 

2 

18.59.43 

11376 

651.57 

6 

4 

0.226 

0.0078 

0.287 

-1.330 

c. 

2 

18.58.91 

11362 

65157 

4 

6 

0.232 

0.0180 

0.441 

-1.143 

c 

2 
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i 


1 

i 

I 


i 


\ 


I 

1 

.1 


u. 


Pi.  Allowed  Transitions  — Continued 


N... 

Truiisilioii 

Array 

Miiltiplcl 

A(A) 

A'ifcm  ') 

AV(<'in  *) 

Hi 

Hk 

/l*/(l()"sec  ') 

h 

.Slat.u.) 

l";j «/' 

Accu¬ 

racy 

Stiun’f 

8 

3,>'- 

2J»0_ 

3/>‘('l»)4s 

(7  uv) 

2677.13 

18748 

.56090 

4 

4 

0.0013 

1.4  X  10* 

0.0049 

-3.25 

E 

2 

2686.17 

18722 

55939 

2 

2 

3.9XlO-« 

4.2  X  10  •' 

7.5  X  10-* 

-4.08 

E 

2 

[2659.4] 

18748 

56340 

4 

6 

4.1X10’ 

6.5X10" 

2.3  X  10-« 

-6.59 

E 

2 

2675.31 

18722 

56090 

2 

4 

2.7xl0-< 

5.8  X  10' 

0.0010 

-3.94 

E 

2 

2688.00 

18748 

55939 

4 

2 

4.1x10-* 

2.2  X  10-' 

7.9x10* 

-4.06 

E 

2 

9 

— 2|» 

2.54/.4 

187.19 

.5807.5 

6 

6 

1.11 

0.108 

5.4 

-0.188 

C 

2 

(8  uv) 

2535.61 

18748 

.58174 

4 

4 

0.95 

0.092 

3.06 

-0.434 

C 

2 

2553.25 

18722 

57877 

2 

2 

0.71 

0.069 

1.17 

-0.86 

C 

2 

2554.90 

18748 

57877 

4 

2 

0.300 

0.0147 

0.494 

-1.231 

C 

2 

2533.99 

18722 

.58174 

2 

4 

0.200 

0.0385 

0.64 

-1.114 

C 

2 

10 

3|.'- 

2|>o_2f) 

2/.5.1.7 

187.19 

65157 

6 

10 

0.61 

0.071 

3.02 

-0.371 

C 

2 

3/>“('D)4s' 

(9  uv) 

2154.08 

18748 

65157 

4 

6 

0.58 

0.061 

1.72 

-0.61 

C 

2 

21.52.94 

1872'^ 

65157 

2 

4 

0.485 

0.067 

o.% 

-0.87 

C 

2 

21.54.08 

18748 

65157 

4 

4 

0.173 

0.0120 

0.341 

-1.319 

C 

2 

11 

3/»245- 

10604 

.56190 

6.56/8 

12 

20 

0.20 

0.57 

240 

0.84 

D 

ca 

3/j'''(“P)4p 

(1) 

10381.3 

56340 

65787 

6 

8 

0.21 

0.47 

99 

0.45 

D 

Is 

10529.5 

56090 

65585 

4 

6 

0.15 

0.37 

51 

0.17 

D 

Is 

10511.4 

5.5939 

65450 

2 

4 

0.088 

0.29 

20 

-0.24 

D 

Is 

10813.0 

56340 

65585 

6 

6 

0.060 

0.10 

22 

-0.20 

D 

Is 

10681.4 

56090 

65450 

4 

4 

0.11 

0.19 

26 

-0.13 

D 

Is 

10596.9 

55939 

65373 

2 

2 

0.17 

0.29 

20 

-0.24 

D 

Is 

56340 

65450 

6 

4 

0.0095 

0.011 

2.5 

-1.16 

E 

Is 

[10769] 

56090 

65373 

4 

2 

0.033 

0.029 

4.1 

-0.94 

E 

Is 

12 

4p_4po 

0744.9 

.56/90 

66449 

12 

12 

0.26 

0..36 

140 

0.64 

D 

ca 

(2) 

9796.79 

56340 

66544 

6 

6 

0.18 

0.26 

50 

0.19 

D 

Is 

9734.74 

56090 

66360 

4 

4 

0.035 

0.M9 

6.3 

-0.71 

E 

Is 

9608.97 

55939 

66343 

2 

2 

0.044 

0.062 

3.9 

-0.91 

E 

Is 

9976.65 

56340 

66360 

6 

4 

0.11 

0.11 

22 

-0.18 

D 

Is 

9750.73 

56090 

66343 

4 

2 

0.22 

0.15 

20 

-0.21 

D 

Is 

9563.45 

56090 

66544 

4 

6 

0.081 

0.17 

.?! 

-0.17 

D 

Is 

9593.54 

55939 

66360 

2 

4 

0.11 

0.31 

19 

0.21 

D 

Is 

13 

4p_4SO 

9.191  ..5 

.56190 

66835 

12 

4 

0.29 

0.13 

47 

0.18 

D 

ca 

9525.78 

56340 

66835 

6 

4 

0.14 

0.13 

24 

-0.12 

D 

Is 

9304.88 

56090 

36835 

4 

4 

0.0% 

0.13 

15 

-0.30 

D 

Is 

9175.85 

55939 

66835 

2 

4 

0.0.50 

0.13 

7.6 

-0.60 

D- 

Is 

14 

ioo>:i 

.58(17.5 

68049 

6 

6 

0.27 

0.39 

77 

0.37 

D 

ca 

(4) 

10084.2 

58174 

68088 

4 

4 

0.21 

0,32 

43 

0.11 

D 

Is 

9903.74 

57877 

67971 

2 

2 

0.18 

0.26 

17 

-0.29 

0 

Is 

10204.7 

58174 

67971 

4 

2 

0.083 

0.065 

8.7 

-0.5V 

D- 

Is 

9790.08 

57877 

68088 

2 

4 

0.045 

0.13 

8.3 

-0.59 

D- 

Is 

l.S 

3p-45  — 

3p-('l>)5p 

5162.28 

56340 

75705 

6 

8 

0.032 

0.017 

1.7 

-0.99 

E 

ca,  U 

5154.84 

56090 

75484 

4 

6 

0.015 

0.0091 

0.62 

-1.44 

E 

ca.  Is 

5149.46 

55939 

75353 

2 

4 

0.0066 

0.0052 

0.18 

-1.98 

E 

ca.  Is 

.5222.1 

56340 

75484 

6 

6 

0.0058 

0.0024 

0.24 

-1.85 

E 

ca.  Is 

5189.9 

56090 

75353 

4 

4 

0.0075 

0.0030 

0.21 

-1.92 

E 

ca.  Is 

[52.58.1] 

56340 

75353 

6 

4 

5.7X  10* 

1.6  X  10* 

0.016 

-3.03 

E 

ca.  Is 

V)8-(i22  0-69—  10 


107 


Pi.  Allowed  Transitions— Conftnued 


N.-.l 

Transitinn 

Array 

Mulliplel 

X(A) 

/?«(rn»- ') 

1 

Jlk 

.S'(at.u.) 

Accu¬ 

racy 

Source 

16 

4p«4po 

.5098.3 

.56/90 

75799 

1 

1.. 

’2 

0.042 

0.016 

3.3 

-0.71 

E 

ca 

5109.62 

56340 

75905 

6 

6 

0.034 

0.013 

1.3 

-1.10 

E 

Is 

5100.% 

56090 

7.5689 

4 

4 

0.0046 

0.0018 

0.12 

-2.14 

E 

Is 

5059.20 

55939 

75700 

2 

2 

0.0063 

0.0024 

0.080 

-2.32 

E 

Is 

[5166.8] 

56340 

75689 

6 

4 

0.014 

0.0037 

0.38 

-1.65 

E 

Is 

5098.20 

56090 

75700 

4 

2 

0.029 

0.0057 

0.38 

-1.64 

E 

Is 

5045.40 

56090 

75905 

4 

6 

0.016 

0.0090 

0.60 

-1.44 

E 

Is 

5061.91 

55939 

75689 

2 

4 

0.015 

0.012 

0.39 

-1.63 

E 

Is 

17 

4p_4S« 

.5041.0 

.56/90 

76022 

12 

4 

0.059 

0.0075 

1.5 

-1.04 

E 

ca 

5079.37 

56340 

76022 

6 

4 

0.029 

0.0074 

0.75 

-1.35 

E 

is 

5015.86 

56090 

76022 

4 

4 

0.020 

0.0077 

0.51 

-1.51 

E 

Is 

4978.11 

55939 

76022 

2 

4 

0.011 

0.0079 

0.26 

-1.80 

E 

Is 

18 

ap  _  -if)* 

.547.5.8 

.5807.5 

76.«2 

6 

10 

0.052 

0.039 

4.2 

-0.63 

E 

ca 

5477.75 

58174 

76425 

4 

6 

0.057 

0.038 

2.8 

-0.81 

E 

is 

5458.31 

57877 

76192 

2 

4 

e.038 

0.034 

1.2 

-1.17 

E 

is 

5548.49 

58174 

76192 

4 

4 

0.0066 

0.0031 

0.22 

-1.91 

E 

is 

19 

op  _  opo 

.5.328.4 

.5807.5 

768.17 

6 

6 

0.087 

0.037 

3.9 

-0.65 

E 

ca 

5345.86 

58174 

76875 

4 

4 

0.073 

0.031 

2.2 

-0.90 

E 

is 

5293.53 

57877 

76762 

2 

2 

0.058 

0.024 

0.84 

-1.32 

E 

Is 

5378.32 

58174 

76762 

4 

2 

0.027 

0.0060 

0.42 

-1.62 

E 

is 

5262.07 

57877 

76875 

2 

4 

0.015 

0.013 

0.44 

-1.60 

E 

is 

20 

3pS4p- 

.go.jp 

8706.9 

64240 

75722 

2 

6 

0.087 

0.30 

17 

-0.23 

D 

ca 

3p^(''P)4<f 

8741.54 

64240 

75676 

2 

4 

0.091 

0.21 

12 

-0.38 

D 

Is 

8637.62 

64240 

75814 

2 

2 

0.079 

0.089 

5.1 

-0.75 

D 

is 

21 

3p^4p  — 

SS«-2p 

6702.8 

6424C 

79/.55 

2 

6 

0.048 

0.097 

4.3 

-0.71 

E 

ca 

3p^(''P)5d 

6717.42 

64240 

79122 

2 

4 

0.050 

0.067 

3.0 

-0.87 

E 

is 

6673.71 

64240 

79220 

2 

2 

0.045 

0.030 

1.3 

-1.22 

E 

Is 

22 

40" -^F 

7181.4 

6.56/8 

79.5.19 

20 

28 

0.053 

0.057 

27 

0.06 

E 

ca 

7175.12 

65787 

79721 

8 

10 

0.033 

0.032 

6.0 

-0..60 

E 

is 

7176.66 

65585 

79515 

6 

8 

0.047 

C.049 

6.9 

-0.53 

E 

is 

7165.45 

65450 

79402 

4 

6 

0.050 

0.058 

5.5 

-0.65 

E 

is 

7158.37 

65373 

79339 

2 

4 

0.051 

0.078 

3.7 

-0.81 

E 

is 

7282.38 

65787 

79515 

8 

8 

0.0081 

0.0065 

1.2 

-1.29 

E 

is 

7235.49 

65585 

79402 

6 

6 

0.017 

0.013 

1.9 

-1.11 

E 

is 

7197.83 

65450 

79339 

4 

4 

0.020 

0.016 

1.5 

-1.20 

E 

is 

7343.11 

65787 

79402 

8 

6 

6.5  X  10-* 

4.0  XlO-^ 

0.076 

-2.50 

E 

is 

7268.33 

65585 

79339 

6 

4 

0.0015 

7.7  XlO-^ 

0.11 

-2.33 

E 

is 

23 

^D°-^D 

7102.21 

65787 

79864 

8 

8 

0.0036 

0.0027 

0.51 

-1.66 

E 

ca.  Is 

7051.93 

65585 

79762 

6 

6 

0.0037 

0.0028 

0.39 

-1.78 

E 

ca.  Is 

7017.32 

65450 

7%97 

4 

4 

0.0032 

0.0024 

0.22 

-2.02 

E 

ca.  Is 

7154.03 

65787 

79762 

8 

6 

0.0013 

7.6X10* 

0.14 

-2.21 

E 

ca.  Is 

[7084.2] 

65585 

7%97 

6 

4 

0.0029 

0.0015 

0.21 

-2.05 

E 

ca.  Is 

7001.54 

6.5585 

79864 

6 

8 

5.4  X  10-^ 

5.3  X  10* 

0.073 

-2.50 

E 

ca.  Is 

[6985.2] 

65450 

79762 

4 

6 

0.0014 

,0.0016 

0.14 

-2.20 

E 

ca.  Is 

6979.76 

65373 

7%97 

2 

4 

0.0020 

0.0029 

0.13 

-2.24 

E 

ca.  Is 

loe 


Pi.  Allowed  Trinsitions— Continued 


Transition  Multiple! 
An  ay 


A  /4ti(l()"sec-'l 


.Stat.u.) 


Souree 


4po_4D 


25  3p-’4p-  I  <D°-<F 
3p-=('‘F)65 


7563.63 

74%.23 


8046.79 

8090.08 


IfilDTifll 


7917.84 

8002.63 


0.018 

0.018 

0.013 

0.0079 

0.016 

0.0016 


0.023 

0.020 

0.015 

0.0053 

0.010 

0.015 

5.8  X  10- 

0.0016 


9.2xl0-< 


8.1x10-^ 


Forbidden  Transitions 

All  the  values  for  this  atom  are  taken  from  the  work  of  Czyzak  and  Krueger  [1],  since  they 
have  included  the  important  effects  of  configuration  interaction  and  have  used  self-consistent 
field  wavefunctions  with  exchange  to  obtain  their  value  of  s^.  (For  a  more  complete  discussion 
see  the  (General  Introduction). 


Reference 

[1]  Czyzak.  S.  J.  &  Krueger,  T.  K..  Monthly  Notices  Roy.  Asiron.  Soc.  126,  177-194  (1963). 

Pi.  Forbidden  Transitions 


Transition 

Array  Multiple! 


X(A)  E*(cnr') 


Type  of  Accu- 

pt-  Transi-  /lutsec"')  .S(at.u.)  racy  Source 
tion 


11376.4 
11376  4 
11360.8 
11360.8 


9.1X10-" 
1.9  XIO-^ 


1.37x10  "  I  C 
D 


1.77X10-^  1  1.79X10-' 
1.2X10-' 


[64.09  X  10' 
[64.09  X  10' 


3.3X10-'  I  3.4X10-"  1  D 
4.81  X  10 
2.4  X  10-' 


P  i.  Forbidden  Transitions— Continued 


4(A) 

A’((cnr‘) 

fit  cm') 

1 

13562 

11376.4 

18748.0 

13562 

11376.4 

18748.0 

13580 

11360.8  1 

18722.7 

13580 

11360.8 

18722.7 

13609 

11376.4 

18722.7 

13533 

11360.8 

18748.0 

13533 

11360.8 

18748.0 

(39.515  X  lO'l 

18722.7 

18748.0 

(39.515  X  lO'l 

18722.7 

18748.0 

Mulliplel 


.S(al.u.) 


0.0190 

0.094 

0.0211 

0.080 


0.0C70 

103 

0.00392 

44.1 

29.5 

0.0125 

43.8 


1.45  X  10  ' 
5.9X  10  '' 


Accu¬ 
racy  Source 


(iround  State 

\s^2s-2i>^^s^?.p‘  “P. 

lonizatiun  Potential 

Allowed  Transitions 

List  of  tabulated  lines: 

19.72  cV=  159100  cm-' 

Wavelength  (A) 


,301.87 

,304.47 

1.304.68 

1.305.48 

1.30<1.87 

1310.70 


1.543.61 

43a5..35 

4402.(W 

4414.28 

4417..3() 

4420.71 

4424.07 

4463.00 

4466.1.3 

4467.98 

4475.26 

44a3.68 

44W.24 


Wavelength  (A] 


4.5.30.81 

45.33.% 

45.54.8.3 
4565.27 
4582.17 

4588.04 

4,58‘1.86 

4602.08 

4626.70 

4628.77 

46,58.31 

4698.16 

482,3.68 

4864.42 

4927.20 

4935.62 

494.1..  53 

49.54.. 39 
4%9.71 
.5040.80 

51.52.2.3 
5191.41 
.52.5.3..52 
.52%.  13 


Wavelength  [A] 


.5,316.07 

.5,344.75 

.5,378.20 

.5.386.88 

.540‘>.72 

.5425.91 

.54,50.74 

.54a3..5.5 

.54W.7.3 

.5.507.19 

.5.541.14 
.5.5a3.27 
.5.588.34 


5764.46 

6024.18 

60.34.(44 

604.3.12 

60.5.5.. 50 
6087.82 

616.5.. 59 
62.32.29 
77.35.06 
7845.6.3 


F(»r  the  tw(»  uv  transitions  listed,  the  radiative  lifetime  measurements  of  Savajje  and  Lawrence 
(1|  perhomed  with  the  phase  shift  technique  are  available.  Corrections  for  cascadinj:  from  hijiher 
excited  states  have  been  applied  by  these  authors. 

Since  no  (»ther  theoretical  or  ex]»erimental  data  are  available  for  this  spectrum  as  yet.  the 
(a)ulomb  U])proximation  has  been  extensively  used  in  order  to  have  some  (»f  the  more  prominent 
lines  tabulated.  On  the  basis  of  the  comparison  material  available  for  analo^tous  transitions  of 
neii'hhorin^  atoms  and  because  of  the  fjeneral  success  of  the  Coulomb  approximation,  accuracy 
estimates  of  .50  i)ercent  for  the  selected  lines  appear  to  be  in  order.  But.  in  as  much  as  these  com- 
paris(»ns  are  still  quite  insufficient,  the  present  accuracy  assijjnments  can  be  regarded  only  as 
pr(»visi(»nal.  There  are  furthermore  indications  from  enerjjy  level  spacinjis  that  this  sjiectrum  may 
show  si^.iihcaut  deviations  from  LS-couplin<:.  Since  LS-couplin^  had  to  be  used  for  the  breakdown 
into  multiplets  and  lines,  this  may  introduce  additional  uncertainties,  especially  in  the  weaker 
lines. 


Reference 

|I|  -Savatje,  B.  D..  and  l.awrence.  (I.  M..  Aalrophys.  J.  146,  ‘>40-04?  (1966). 


P  II.  Allowed  Transitions 


No. 

Transition 

Array 

.M(ilti|ilet 

X(A) 

Eitcnr ') 

£/i(cni  ') 

tSi 

ft 

-4n(10"  SCI’"') 

h 

.Stai.ii.) 

«/ 

Accu¬ 

racy 

Source 

1 

3i-3/r  —  SsS/)' 

.ip_.)[)o 

/.5.t9.2 

.1/6 

6.5.28.5 

') 

15 

0.128 

0.0076 

0.346 

-1.165 

c+ 

1 

(1  IIV) 

1542.29 

469 

65308 

5 

7 

0.127 

0.0063 

0.161 

-1.50 

c+ 

Is 

1535.90 

165 

65273 

3 

5 

0.096 

0.0057 

0.086 

-1.77 

c+ 

Is 

1532.51 

0 

65252 

1 

3 

0.072 

0.0076 

0.038 

-2.12 

D 

Is 

1543.09 

469 

65273 

5 

5 

0.032 

0.0011 

0.029 

-2.25 

D 

Is 

1536.39 

165 

65252 

3 

3 

0.054 

0.0019 

0.029 

-2.24 

D 

Is 

1543.61 

469 

f^252 

5 

3 

0.0035 

7.6X10* 

0.0019 

-3.42 

E 

Is 

2 

:i|>_  :tpo 

i:m.7 

.1/6 

76788 

9 

9 

1.56 

0.0400 

1.55 

-0.444 

C 

1 

(2  uv) 

1310.70 

469 

76765 

5 

5 

1.17 

0.0301 

0.65 

-0.82 

C 

Is 

1304.68 

165 

76813 

3 

3 

0.392 

0.0100 

0.129 

-1.52 

C 

Is 

1309.87 

469 

76813 

5 

3 

0.65 

0.0100 

0.215 

-1.301 

C 

Is 

1304.47 

165 

76824 

3 

1 

1.57 

0.0134 

0.172 

-1.3% 

C 

Is 

1305.48 

165 

76765 

3 

5 

0.392 

0.0167 

0.215 

-1.300 

C 

Is 

1301.87 

0 

76813 

1 

3 

0.53 

0.0401 

0.172 

-1.397 

C 

Is 

3 

3/45-.3p(-l’‘’i4/) 

.ipo_,l|) 

MI52.0 

Sfmo 

iimsv 

9 

15 

0.67 

0.61 

110 

0.74 

D 

ca 

6(43.12 

87125 

103669 

5 

7 

0.68 

0.52 

52 

0.42 

D 

Is 

6024.18 

86745 

103340 

3 

5 

0.51 

0.46 

28 

0.14 

D 

Is 

6034.04 

86.598 

103166 

1 

3 

0.37 

0.61 

12 

-0.21 

D 

Is 

6165..59 

87125 

103340 

5 

5 

0.16 

0.091 

9.3 

-0.34 

D- 

Is 

6087.82 

86745 

I03I66 

3 

3 

0.27 

0.15 

9.2 

-0.34 

D- 

Is 

6232.29 

87125 

103166 

5 

3 

0.017 

0.0060 

0.62 

-1.52 

E 

Is 

4 

.5406.2 

«6‘>4// 

105482 

9 

9 

0.93 

0.41 

65 

0.56 

D 

ca 

5425.91 

87125 

1(65.50 

5 

5 

0.69 

0.31 

27 

0.19 

D 

Is 

5.386.88 

86745 

105303 

3 

3 

0.23 

0.10 

5.4 

-0.51 

D- 

Is 

5499.73 

87125 

105303 

5 

3 

0.37 

0.10 

9.1 

-0.30 

D- 

Is 

5409.72 

86745 

105225 

3 

1 

0.93 

0.14 

7.2 

-0.39 

D- 

Is 

5316.07 

86745 

1055.50 

3 

5 

0.24 

0.17 

9.0 

-0.29 

D- 

/5 

5344.75 

86.598 

105303 

1 

3 

0.32 

0.41 

".2 

-0.39 

D- 

Is 

111 


PlI.  Allowed  Transitions  — Contiraued 


No. 

Transition 

Array 

Mulliplel 

X(A) 

Eiiivm') 

m 

ft 

/<*,(10“sec-') 

/a 

.Stal.ll.) 

l"Ji  «/■ 

5 

.■.po_;iS 

5244.6 

86040 

106002 

9 

3 

1.0 

0.14 

22 

0.11 

D 

ca 

5296.13 

87125 

1060C2 

5 

3 

0.55 

0.14 

12 

-0.16 

D 

Is 

5191.41 

86745 

106002 

3 

3 

0.35 

0.14 

7.1 

-0.38 

D 

is 

5152.23 

86598 

106002 

1 

3 

0.12 

0.14 

2.4 

-0.85 

D 

is 

6 

o 

7845.6. 

88894 

101636 

3 

3 

0.33 

0,30 

23 

-0.04 

D 

ca 

7 

ip»_iD 

5253.52 

88894 

107924 

3 

5 

1.0 

0.72 

37 

0.33 

D 

ca 

8 

O 

c7j 

4420.71 

88894 

111509 

3 

1 

1.6 

0.15 

6.7 

-0.34 

D 

ca 

9 

f 

O 

■ID— ip* 

4.598., 5 

105450 

12.5100 

15 

21 

2.0 

0.88 

200 

1.12 

D 

ca 

4602.08 

103669 

125392 

7 

9 

1.9 

0.79 

84 

0.74 

D 

is 

4588.04 

103340 

125139 

5 

7 

1.7 

0.77 

58 

0.58 

D 

is 

4589.86 

103166 

124948 

3 

5 

1.6 

0.87 

39 

0.42 

D 

is 

4658.31 

103669 

125130 

7 

7 

0.21 

0.069 

7.4 

-0.31 

D- 

is 

4626.70 

103340 

124948 

5 

5 

0.30 

0.097 

7.4 

-0.31 

D- 

is 

4698.16 

103669 

124948 

7 

5 

0.0084 

0.0020 

0.22 

-1.85 

E 

is 

10 

4484.5 

10.5452 

12772.5 

9 

15 

1.3 

0.67 

89 

0.78 

D 

ca 

4475.26 

105550 

127889 

5 

7 

1.3 

0.55 

41 

0.44 

D 

is 

4530.81 

105303 

127368 

3 

5 

1.0 

0.52 

23 

0.19 

D 

is 

4402.09 

ia5225 

127935 

1 

3 

0.73 

0.64 

9.3 

-0.19 

D- 

is 

4582.17 

1055.'-, 0 

127368 

5 

5 

0.33 

0.10 

7.9 

-0.28 

D- 

is 

4417.30 

105303 

127935 

3 

3 

0.55 

0.16 

7.0 

-0.32 

D- 

is 

4466.13 

105550 

127935 

0 

3 

0.036 

0.0065 

0.48 

-1.49 

E 

is 

11 

_  :ip« 

446.18 

105452 

127828 

9 

9 

0.73 

0.22 

29 

0.30 

D 

ca 

4463.00 

105550 

12795) 

5 

5 

0.54 

0.16 

12 

-0.09 

D 

is 

4483.68 

105303 

127600 

3 

3 

0.’9 

0.056 

2.5 

-0.78 

D- 

Is 

4533.96 

105550 

127600 

5 

3 

0.31 

0.057 

4.2 

-0.55 

D- 

is 

4424.07 

105303 

127900 

3 

1 

0.73 

0.072 

3.1 

-0.67 

D- 

is 

4414.28 

105303 

127951 

3 

5 

0.18 

0.089 

3.9 

-0.57 

D- 

is 

4467.98 

105225 

127600 

1 

3 

0.25 

0.22 

3.3 

-  0.65 

D- 

is 

12 

1 

1 

4580.4 

106002 

127826 

3 

9 

0.96 

0.91 

41 

0.43 

D 

ca 

4554.83 

106002 

127951 

3 

5 

0.96 

0.50 

22 

0.17 

D 

is 

4628.77 

106002 

127600 

3 

3 

0.97 

0.31 

14 

-0.03 

D 

is 

4565.27 

106002 

127900 

3 

1 

0.96 

0.10 

4.5 

-0.52 

D- 

is 

13 

'D-'D” 

5040.80 

107924 

127756 

5 

5 

0.40 

0.15 

13 

-0.12 

D 

ca 

n 

'D-'P 

4499.24 

107924 

130143 

5 

7 

1.4 

0.60 

44 

0.47 

D 

ca 

15 

<jn 

1 

•€ 

o 

4935.62 

111509 

131  .'64 

1 

3 

0.63 

0.69 

11 

-0,16 

0 

ca 

16 

S/Ktp-Spt^P-lSj 

lp_IpO 

4385.35 

101636 

124433 

3 

3 

0.40 

0.12 

5.0 

-0.46 

D 

ca 

17 

.T[)  —  :*po 

4042.5 

1054.50 

125686 

15 

9 

0.78 

0.17 

42 

0.41 

D 

ca 

4943.53 

103669 

123892 

7 

5 

0.63 

0.16 

19 

0.06 

D 

is 

4969.71 

103340 

123456 

5 

3 

0.58 

0.13 

11 

-0.19 

D 

is 

4954.39 

103166 

123345 

3 

1 

0.78 

0.096 

4.7 

-0.54 

D- 

is 

4864.42 

103340 

123892 

5 

5 

0.11 

0.040 

32 

-0.70 

D- 

is 

4927.20 

103166 

123456 

3 

3 

0.19 

0.070 

3.4 

-0.68 

D  - 

is 

4823.68 

103166 

123892 

3 

5 

0.0075 

0.0043 

0.21 

-1.89 

E 

h 
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Transition 

Array 

Mulliplel 

mA) 

£i(<'ni“') 

£*(<•10-') 

/f/ 

A 

//*,(10"se«-') 

h 

.Slal.u.) 

l"g  ft/ 

Accu¬ 

racy 

.Source 

18 

5476.7 

105432 

123686 

9 

9 

0.44 

0.20 

32 

0.25 

D 

ca 

5450.74 

1 

123892 

5 

5 

0.33 

in 

13 

-  0.13 

D 

Is 

5507.19 

1  (lAltKl 

123456 

3 

3 

0.11 

■iiik-y 

2.8 

-0.81 

D- 

Is 

5583.27 

1  (I'li'vd 

5 

3 

0.19 

0.053 

4.8 

-0.58 

D- 

Is 

5541.14 

1 

123345 

3 

1 

0.45 

0.070 

3.8 

-0.68 

D- 

Is 

5378.20 

I 

123892 

3 

5 

0.11 

0.081 

4.3 

-0.62 

D- 

Is 

5483.55 

105225 

123456 

1 

3 

0.15 

0.20 

-0.69 

D- 

Is 

19 

.56.M.;i 

106002 

123686 

3 

9 

0.15 

0.21 

-0.19 

D 

ca 

5588.34 

106002 

123892 

5 

0.15 

0.11 

6.3 

-0.46 

D 

is 

5727.71 

106002 

0.15 

0.073 

4.1 

-0.66 

D 

Is 

5764.46 

106002 

123345 

1 

0.15 

0.025 

1.4 

-1.13 

D- 

Is 

20 

■  D-ipo 

6055.50 

107924 

124433 

3 

0.69 

0.23 

23 

-0.06 

D 

ca 

21 

■S-ipo 

7735.06 

111509 

124433 

1 

3 

0.11 

0.29 

7.5 

-0.53 

D 

ca 

Pii 

Forbidden  Transitions 

The  adopted  values  have  Leen  derived  frcm  the  theoretical  work  of  Naqvi  [1],  and  Czyzak 
and  Krueger  [2].  Since  their  methods  are  essentially  alike.  Naqvi’s  and  Czyzak  and  Krueger’s 
magnetic  dipole  transitions  have  generally  been  averaged,  except  for  the  ®P“*S  transition  where 
configuration  interaction  is  important.  In  this  case  Czyzak  and  Krueger’s  empirically  derived  value 
has  been  preferred  over  Naqvi’s,  which  is  based  purely  on  theory  (see  also  General  Introduction). 

For  the  electric  quadrupolo  transitions  only  Czyzak  and  Krueger’s  values  are  used  since 
their  Sq  is  obtained  by  using  advanced  self-consistent  field  wavefunctions  with  exchange  effects 
included. 
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Pii ,  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

a(A) 

£((cni'') 

£i(cm'') 

i 

Type  of 
Transi¬ 
tion 

.S(at.u.) 

Accu¬ 

racy 

Source 

1 

3p-  —  3p- 

1 

60.663X10'! 

0.0 

164.8 

1 

3 

m 

8.05  X  10-' 

2.00 

A 

1 

1 

21.316X10'] 

0.0 

469.0 

1 

5 

e 

6.0x10-" 

7.9 

C 

2 

32.864  X  lO'j 

164.8 

469.0 

5 

m 

2.50 

A 

1 

1 

32.864X10'] 

164.8 

469.0 

5 

€ 

1.54X10  " 

17.6 

C 

2 

2 

i 

(IF) 

11255 

0.0 

8882.6 

1 

5 

e 

3.3  X  ICr* 

2 

11485.2 

164.8 

8882.6 

3 

5 

m 

0.00176 

1,2 

11483.2 

164.8 

8882.6 

3 

5 

e  1 

|2.2X10-' 

.2 

11898.2 

469.0 

5 

5 

m 

c 

1,2 

11898.2 

469.0 

Bwi  'Jt  J 

5 

5 

e 

|1.3X'I0-' 

2 

11.? 


P  II.  Forbidden  Transitions  — Coof/HMer/ 


Transition 

Tviie  of 

Aeen- 

No. 

Array 

Multiplet 

X(A) 

KiU'ttt  ') 

A.\(<'in  ') 

Transi- 

In (see  ') 

.Slut.n.l 

rary 

Source 

thin 

- 

1  3 

•■'I’-'S 

1 

(2K) 

4669.5 

164.8 

21576.2 

3 

1 

rri 

0.220 

8..3X  10  ' 

c. 

2 

1 

4736,6 

469.0 

2IS76.2 

1 

e 

0.(K)63 

0.0089 

1) 

2 

4 

T‘ 

1 

o 

(3F) 

7869.5 

8882.6 

21.576.2 

5 

1 

e 

2.0 

35 

2 

Ground  State 


Pill 


I  S-2.S  -2/)''.'ts  •. 


Ionization  Potential  .'i0.1.S6  e\'  =  2  t.'t2't().0  eiii  ' 

Allowed  Transitions 

List  of  tabulated  lines; 


■ 

Wavelength  [.4| 

No.  1 

— 

Wavelength  1A| 

r-  •• 

No.  , 

Waveiettgtl)  |  A| 

No, 

1334.87 

1 

3802.08 

•'i  1 

40.57..39 

2 

1344.34 

1 

389.5.03 

4 

4059.27 

2 

1344.90 

1 

3904.79 

4 

4080.04 

2 

3219.32 

6 

.3922.72 

4  , 

4222.15 

.3 

3233.62 

6 

3933.38 

■1 

4246.68 

3280.22 

8 

.39.51.51 

4 

4.587.9! 

9 

3717.63 

5 

3957.64 

4 

520.3.86 

7 

3744.22 

s 

3997.17 

4  , 

Varsavsky’s  value  [11  for  the  3s*3/» -P°— 3s3/;^ ’D  multiplet,  which  has  been  calculated  l.y 
means  of  a  screening  approximation  whir.h  neglects  the  iuiporiant  effects  of  configuration  inter¬ 
action,  should  be  quite  uncertain  —  probably  too  high  as  judged  from  other  coniirarisons.  Since 
there  are  no  oilier  sources  available,  the  Coulomb  approximation  has  been  a])])lied  to  other  iiromi 
nent  lines  in  this  spectrum.  Judging  from  comparisons  with  analogous  transitions  in  other  atoms, 
accuracies  within  50  percent  may  be  expected  for  the  selected  lines. 
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Pill.  Allowed  Transitions 


11. 1  Triiiisiiiciii 
;  Array 

Multipict 

a(A) 

A.'ilelll  ') 

‘1 

I- 

A 

.-Ir, 1 10“  sec  ') 

u 

.Stal.ii.) 

leg  Kl 

Accu 

racy 

Ill  rce 

J  .Tv^T/r-M/r- 

- 

1  if  1.2 

.17.1 

749.1.1 

t 

6 

lit) 

14 

0.64 

17 

0..89 

1 

(1  liv) 

1 

1844.84 

.860 

7494.8 

4 

6 

14 

0..86 

10 

0.3.8 

K 

is 

1 

1884.87 

0 

7491.8 

2 

4 

12 

0.6,8 

.8.7 

0.11 

E 

Is 

1 

1844.90 

.860 

7491.8 

4 

4 

2.3 

0.062 

1.1 

-0.60 

E 

Is 

2I  .V-('.S)4/) 

t(M:2 

II  mi 

M/s67 

10 

6 

1.0 

0.1.8 

20 

0.17 

D- 

ca 

1 

(1) 

40.89.27 

11688.8 

141.818 

6 

4 

0.90 

0.1.8 

12 

-0.05 

D- 

is 

4080.04 

116874 

141376 

4 

2 

0.99 

0.12 

6.7 

-0.31 

D- 

is 

■40.87.89 

116874 

:41.818 

4 

4 

O.IO 

0.02.8 

1.3 

-1.00 

D- 

is 

t.s-('.S)4/; 

fJfHU 

1178.8.8 

Itl4(,7 

2 

6 

1..8 

1.2 

.33 

0.37 

D 

ca 

(8) 

i 

4222.1,8 

11788.8 

141.813 

2 

4 

1..8 

0.78 

22 

0.19 

D 

is 

i 

4246  68 

1178.8.8 

141.376 

2 

2 

1.4 

0.39 

11 

-o.n 

D 

h 

t  .'VsT/r  t.s  - 

•r-'i* 

IHiail 

JlOlhJ 

12 

12 

1.7 

0.40 

63 

0.69 

D 

ca 

(9) 

,89.87.64 

18.804,8 

210.306 

6 

6 

1.2 

0.29 

22 

0.23 

D 

Is 

.898.8.88 

1846.89 

210056 

4 

4 

0.2,3 

0.054 

2.8 

-0.66 

E 

/5 

8922.72 

1844.8.8 

209939 

2 

2 

0.30 

0.068 

1.8 

-0.87 

E 

/5 

.8997.17 

18.804.8 

2100,86 

6 

4 

0.76 

0.12 

9.6 

-0.14 

D- 

is 

.89.81.. 81 

184689 

2099.39 

4 

2 

1.4 

0.17 

8.8 

-0.17 

D- 

is 

889.8.0.8 

1846.89 

210806 

4 

6 

0..84 

0.19 

9.5 

-0.13 

D- 

is 

.8904.79 

1844.8.8 

2100.86 

2 

4 

0.7.8 

0.34 

8.8 

-0.17 

D- 

Is 

•1'°-  'S 

IH4HII 

211.8,39 

12 

4 

2.1 

0.1.8 

22 

0.25 

D 

ca 

(101 

.8802.08 

18.804,8 

2113.39 

6 

4 

0.97 

0.14 

11 

-0.07 

D 

is 

8744.22 

1846,89 

21:3.39 

4 

4 

0.68 

0.14 

7.0 

-0.25 

D 

is 

.8717.68 

1844.88 

211.339 

2 

4 

0.34 

0  14 

3.5 

-0..85 

D 

is 

U  4/»-('S)4r/ 

f.’JH.H 

into: 

172429 

6 

10 

4.6 

1.2 

77 

0.86 

D 

ca 

(4) 

82,8,8.62 

141.818 

172429 

4 

6 

4.6 

1.1 

46 

0,64 

D 

/5 

,8219.,82 

141876 

17242<4 

2 

4 

8.9 

1.2 

26 

0.38 

D 

is 

,8288.62 

141.813 

172429 

4 

4 

0.77 

0.12 

5.2 

-0.31 

D- 

As 

Ti  4(/— ( '.'s ).S/» 

q)_jpo 

(5) 

' 

.8208,86 

172429 

191640 

6 

4 

0.79 

0.22 

22 

0.11 

D 

ra.  Is 

! 

,8208,86 

172429 

191640 

4 

4 

0.088 

0.036 

2.5 

-0.84 

£ 

ca ,  Is 

8  4(/-('.S)5/' 

8280.22 

172429 

202906 

10 

14 

1.8 

0.40 

43 

0,60 

D 

ca 

(6) 

9  !  4/'-  ( '.S  )5,/ 

4.887,91 

1786,8.8 

2(K)448 

14 

10 

0.11 

0.026 

5.4 

-0.4.8 

D 

ra 

_ 

Plli 

P'orbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1|.  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 
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Pill.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

filcm') 

A'»(em  ') 

Hi 

Ht 

Type  of 
Transi¬ 
tion 

lolsee') 

.S'(at.u.) 

■ 

Source 

3p-('S)3p 

2p>_Jp> 

[17.865  X  10<] 

0.0 

559.6 

2 

1 

m 

0.00157 

1 _ 1 

1.33 

A 

1 

PIV 


Grcu  id  State  \s^2s-2ins^  'So 

lonizatiun  Potential  51.354  eV  =  414312  cm"' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A) 

No. 

368.01 

25 

847.72 

14 

1065.7 

9 

368.32 

25 

849.80 

14 

1066.6 

9 

368.96 

25 

850,39 

14 

1086.9 

8 

388.32 

10 

851.09 

14 

1088.6 

8 

424.06 

26 

855.05 

12 

1091.4 

8 

443.81 

23 

859.73 

13 

1094.4 

21 

444,25 

23 

a50.49 

13 

1118.6 

4 

444.27 

23 

861.53 

13 

1589.0 

22 

445.16 

23 

863.31 

13 

1640.6 

3 

445.17 

23 

865.01 

13 

1691.8 

7 

445.18 

23 

866.81 

13 

1845.6 

6 

522.01 

24 

907.60 

16 

1847.5 

5 

628.983 

19 

908.05 

15 

3347.72 

27 

629.914 

19 

950.669 

1 

3364.44 

27 

631.765 

19 

963.97 

18 

3371.10 

27 

756.55 

17 

1025.58 

2 

3717.03 

29 

776.37 

20 

1028.13 

2 

3717.63 

29 

823.177 

11 

1030.55 

2 

3719.3 

29 

824.733 

11 

1033.14 

2 

3727.6 

29 

827.932 

11 

1035..54 

2 

3728.67 

29 

845.97 

14 

1065.5 

9 

4249.57 

28 

847.02 

14 

Zare’s  values  [1)  have  been  calculated  by  means  of  the  method  of  superposition  of  confifiura- 
tions.  cmployinj:  Hartree-Fock  Slater  wavefunctions  as  a  startin;:  point.  The  calculations  have 
been  carried  out  in  both  the  di|>ole  len^ith  and  dipole  velocity  representatioiis:  the  lenjtth  values 
are  chosen  in  all  cases  as  bein^;  probably  more  reliable.  Crossley  and  Dalfiarno's  values  [2]  have 
been  obtained  from  nuclear  charjje-expansion  calculations  which  include  confijiuration  niix.n}: 
in  a  limited  way.  Zare’s  method  must  be  considered  the  more  refined  of  the  two  calculations. 
Hence  his  data  have  been  chosen  whenever  there  was  a  choice.  In  many  cases,  the  decree  of  fit 
of  the  data  into  the  apparent  /-value  dependences  on  nuclear  charge  could  be  utilized  as  an  addi- 
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tionai  criterion  in  arriving'  at  the  accuracy  estimates.  The  accuracy  assignments  for  any  transition 
involving  the  353</'D,  3/>3rf'D,  or  3i>*'D  energy  levels  have  been  reduced  since  reliability  of 
these  energy  levels  is  quite  doubtful.  Hence,  for  transitions  involving  these  states,  the  listed  line 
strength  wiM  be  more  reliable  than  either  the  oscillator  strength  or  the  transition  probability, 
since  the  latter  two  quantities  depend  on  the  wavelength  of  the  transition. 
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[1]  Zare,  R.  N.,  J.  Chem.  Phys.  47,  3561  (1%7). 

|2j  Crossley,  R.  J.  S.,  and  Daljtarno,  A..  Proc.  Roy.  Soc.  London  A286,  510-51fc  (1965). 


P IV.  Allowed  Transitions 


No. 

Transition 

Array 

Multiple! 

A.(A) 

filcm-'l 

fAlcm') 

Mi 

A 

/4k(10"  see"') 

.Slat.u.) 

log  aA 

Source 

1 

3s*  — 35(*S)3p 

iS-ip 

950.669 

0 

105190 

1 

3 

39.4 

1.60 

5.01 

0.204 

B 

1 

(1  uv) 

2 

3s3p— 3p* 

3pO_3p 

iO.30.5 

68374 

165411 

9 

9 

30.2 

0.481 

14.7 

0.64 

C  + 

2 

(2  uv) 

1030.55 

68607 

165646 

5 

5 

22.6 

0.360 

6.1 

0.255 

c  + 

Is 

1030.55 

68139 

165178 

3 

3 

7.5 

0.120 

1.22 

-0.444 

c+ 

Is 

1035..54 

68607 

165178 

5 

3 

12.4 

0.120 

2.04 

-0.222 

c  + 

Is 

1033.14 

68139 

164935 

3 

1 

29.9 

0.160 

1.63 

-0.319 

c  + 

Is 

1025.58 

69139 

165646 

3 

5 

7.7 

0.201 

2.04 

-0.220 

c  + 

Is 

1028.13 

67912 

165178 

1 

3 

10. 1 

0.482 

1.63 

-0.317 

c  + 

Is 

3 

'P'-'D 

[1640.6] 

105190 

166144 

3 

5 

1.8 

0.12 

1.9 

-0.44 

E 

1 

4 

1 

e 

[1118.6] 

105190 

194589 

3 

1 

32.4 

0.203 

2.24 

-0.215 

C- 

1 

5 

3s(*S)3d- 

'D-T 

[1847.5] 

[222142] 

[276270] 

5 

7 

7.3 

0.53 

16 

0.42 

D- 

2 

3p(*P')3d 

6 

'D-'D° 

[1845.6] 

[222142] 

[276325] 

5 

5 

1.2 

0.063 

1.9 

-0.50 

D- 

2 

7 

'D-'P" 

[1691.8] 

[222142] 

281251 

5 

3 

2.6 

0.068 

1.9 

-0.47 

D- 

1 

8 

»D— ’P* 

im.o 

189389 

281133 

15 

9 

18 

0.19 

10 

0.46 

D  + 

1 

1091.4 

189389 

28101 1 

7 

5 

15 

0.19 

4.8 

0,13 

D  + 

Is 

1088.6 

189389 

28I25I 

5 

3 

14 

0.14 

2.6 

-0.15 

D  + 

Is 

1086.9 

189389 

28I39I 

3 

1 

18 

0.11 

1.1 

-0.50 

D  + 

Is 

1091.4 

189389 

281011 

5 

5 

2.7 

0.048 

0.86 

-0.62 

D  + 

Is 

1088.6 

189389 

281251 

3 

3 

4.5 

0.080 

0.86 

-0.62 

D  + 

Is 

1088.6 

189389 

28I25I 

5 

3 

0.30 

0.0032 

0.057 

-1.80 

D  + 

Is 

9 

.1D-3D° 

1065.8 

189389 

283211 

15 

15 

16 

0.27 

14 

0.61 

D 

2 

1065.7 

189389 

283221 

7 

7 

14 

0.24 

5.8 

0.21 

D 

Is 

1065.5 

189389 

283239 

5 

5 

11 

0.18 

3.2 

-0.05 

D 

Is 

1066.6 

189389 

283142 

3 

3 

12 

0.20 

2.1 

-0.22 

D 

Is 

1065.5 

189389 

283239 

7 

5 

2.4 

0.030 

0.73 

-0.68 

D- 

Is 

1066.6 

189389 

283142 

5 

3 

3.9 

0.040 

0.70 

-0.70 

D- 

Is 

1065.7 

189389 

283221 

5 

7 

1.7 

0.042 

0.73 

-0.68 

D- 

Is 

1065.5 

189389 

283239 

3 

5 

2.3 

0.067 

0.70 

-0.70 

D- 

Is 

10 

3s*— 3s(*S)4p 

iS-ipo 

[388.32] 

0 

257520 

1 

3 

15 

0.10 

0.13 

-0.00 

D- 

1 

11 

3s3p— 3s(*S)3d 

3pO_3[) 

826.34 

68374 

189389 

9 

15 

46.7 

0.796 

19.5 

0.855 

B 

1 

(3  uv) 

827.932 

68607 

139389 

5 

7 

46.4 

0.668 

9.10 

0.524 

B 

Is 

824.733 

68139 

1 89089 

3 

5 

35.2 

0.598 

4.87 

0.254 

B 

Is 

823.177 

67912 

189389 

1 

3 

26.3 

0.801 

2.17 

-0.096 

B 

Is 

827.932 

68607 

189389 

5 

5 

11.6 

0.119 

1.62 

-0.225 

C 

Is 

824.733 

68139 

189389 

3 

3 

19.5 

0.199 

1.62 

-0.224 

C 

Is 

827.932 

68607 

189389 

5 

3 

1.3 

0.0079 

0.11 

-1.40 

D 

Is 

12 

ip'-'D 

[855.05] 

105190 

[222142] 

3 

5 

84 

1.5 

13 

0.65 

D 

1 

(5  uv) 
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No. 

Transition 

Arrav 

Multiiilet 

mA) 

') 

EiU  m  ') 

13 

3p*-3p(*P°)3<i 

3p_^p° 

864.14 

16.8411 

281188 

866.81] 

165646 

281011 

861.53 

165178 

281251 

865.01 

165646 

281251 

860.49 

165178 

281391 

863.31 

165178 

281011 

859.73 

164935 

281251 

14 

‘P-»D° 

848.90 

16.8411 

■288211 

849.80 

16.5646 

283321 

847.02 

165178 

28.3239 

845.97 

164935 

283142 

850.39 

16.5646 

283239 

847.72 

165178 

283142 

851.09 

165646 

283142 

15 

iD-ip 

[908.051 

166144 

(276270) 

16 

>D-'D° 

(907.60) 

166144 

(276325) 

17 

‘D-'P“ 

(756.53) 

166144 

29a327 

18 

iS_ip“ 

[963.971 

194589 

298327 

19 

353p— 35(*S)4j 

n 

1 

o 

680.86 

68.174 

226889 

(4  uv) 

631.765 

68607 

226889 

629.914 

68139 

226889 

628.983 

67912 

226889 

20 

•P'-'S 

[776.371 

105190 

233995 

21 

3p*— 3i(*S)4p 

6 

o 

(1094.4) 

166144 

257520 

22 

•S-'P” 

(1589.0) 

194589 

257520 

23 

353p-3s(*S)4</ 

■ipo-^D 

444.71 

68.174 

.19.1242 

445.16 

6'  ^'7 

293247 

i 

444.25 

68139 

29.3239 

i 

443.81 

67912 

293234 

445.17 

68607 

293239 

444.27 

68139 

2932:34 

44.5.18 

68607 

293234 

24 

‘P°-'D 

(522.01) 

105190 

2%758 

25 

353p— 3j(*S)5</ 

3p®_3[) 

.168.64 

68.174 

8:m88 

368.% 

68607 

339636 

368.32 

68139 

339639 

368.01 

67912 

339642 

368.% 

68607 

33%39 

368.32 

68139 

3.39642 

368.% 

6860" 

339642 

26 

'P°->D 

(424.06) 

105190 

(341005) 

27 

3545  —  35(*S)4p 

:*S_3p° 

.■1,1.5.5.9 

226889 

2.56679 

(1) 

3347.72 

226889 

2.56751 

3364.44 

226889 

256603 

3371.10 

226889 

2.56.544 

,  28 

•S-'P" 

4249.57 

233995 

257520 

(2) 


A'/ 

__ 

.4t/tl0'sfc  ') 

u 

.Slat. 11.1 

I";;  kI 

Act'll- 

racy 

Sourer' 

9 

9 

.35 

0..39 

10 

0..55 

1) 

2 

5 

5 

26 

0.29 

4.2 

0.16 

1) 

Is 

3 

3 

8.8 

0.098 

o.ai 

-0.5.3 

D- 

Is 

5 

3 

15 

0.098 

1.4 

-0.31 

D- 

Is 

3 

1 

.35 

0.13 

1.1 

-0.41 

D- 

Is 

3 

5 

8.8 

0.16 

1.4 

-0.32 

D- 

Is 

1 

.3 

12 

0..39 

1.1 

-0.41 

D- 

Is 

9 

15 

64 

1.2 

29 

1.0.3 

1) 

2 

5 

7 

66 

1.0 

14 

0.70 

1) 

Is 

3 

5 

48 

0.86 

7.2 

0.41 

D 

Is 

1 

3 

.36 

1.1 

3.2 

0.04 

D- 

Is 

5 

5 

16 

0.17 

2.4 

-0.07 

D- 

Is 

3 

.3 

27 

0.29 

2.4 

-0.06 

D- 

Is 

5 

3 

1.8 

0.011 

0.16 

-1.26 

E 

Is 

5 

7 

35 

0.61 

9.1 

0.48 

E 

2 

5 

5 

.31 

0..39 

5.8 

0.29 

E 

2 

5 

3 

4.1 

0.021 

0.26 

-0.98 

E 

1 

1 

3 

29.0 

1.21 

3.81 

0.083 

C 

1 

9 

3 

49.2 

0.098 

1.83 

-0.0.55 

C 

1 

5 

3 

27.3 

0.098 

1.02 

-0.310 

C 

Is 

3 

3 

16.5 

0.098 

0.61 

-0.53 

C 

Is 

1 

3 

5.5 

0.098 

0.203 

-1.009 

C 

Is 

3 

1 

24.2 

0.073 

0.56 

-0.66 

C- 

1 

5 

3 

5.6 

0.061 

1.1 

-0.52 

E 

1 

1 

3 

0.18 

0.021 

0.11 

-1.69 

I) 

1 

9 

15 

0.75 

0.00.37 

0.049 

-1.48 

E 

1 

5 

V 

0.75 

0.0031 

0.023 

-1.81 

E 

Is 

3 

5 

0.55 

0.0027 

0.012 

-2.09 

E 

Is 

1 

3 

0.42 

0.0037 

0.0054 

-2.43 

E 

Is 

5 

5 

0.19 

5.6X10-* 

0.0041 

-  2.55 

E 

Is 

3 

.3 

0.32 

9.3X10-* 

0.0041 

-2.55 

E 

Is 

5 

3 

0.021 

3.7X10  » 

2.7X  10  * 

-3.7.3 

E 

Is 

3 

5 

0.74 

0.0050 

0.026 

-1.82 

E 

1 

9 

15 

20 

0.070 

0.76 

-0.20 

D 

1 

5 

7 

20 

0.058 

0.35 

-0.54 

1) 

Is 

3 

5 

15 

0.0.52 

0.19 

-0.81 

1) 

Is 

1 

.3 

11 

0.069 

0.084 

-1.16 

D- 

Is 

5 

5 

.5.1 

0.010 

0.063 

-1.30 

D- 

Is 

3 

3 

8.5 

0.017 

0.063 

-1.29 

D- 

Is 

5 

3 

0.56 

6.9X  10* 

0.0042 

-2.46 

E 

Is 

3 

5 

0.11 

4.8X  10  * 

0.0020 

-2.84 

E 

1 

.3 

9 

2.11 

1.07 

35.4 

0.51 

C  + 

1 

.3 

5 

2.1.3 

0.60 

19.7 

0.2.55 

C  + 

Is 

.3 

3 

2.09 

0.355 

11.8 

0.027 

(:  + 

Is 

3 

1 

2.) 

0.12 

3.9 

-0.45 

D 

Is 

1 

3 

0.84 

0.69 

9.6 

-0.161 

C 

1 
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Transiiiiin 


1  .Ss.'l/)— 3s(-S)li/) 


Type  Ilf 

f.'j(em  ')  Kkirm-')  gi  gi,  Transi-  .4»i(sec"M  .S(at.u.) 

lion 


|43.%3X10^|  67911.6  68139.0  |  1  3 
[21.343  X  10^1  681,39.0  68607.4  I  3  .3 


67911.6  10.3190  1 

68139.0  103190  3  .3 

68607.4  103190  3  3 


2.12xi0-<  2.00 

0.00139  2.30 


1.67  X  10  <  C 

0.0137  C 

2.09  X  10-<  C 


PV 


Ground  State 


ls«2s'*2/3s  ^S./j 


Ionization  Potential 


65.007  eV  =  524462.9  cm-' 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

2S5.60 

3 

544.91 

5 

1118.0 

1 

255.69 

3 

673.86 

7 

1128.0 

1 

328.47 

2 

673.91 

7 

1379.7 

12 

328.77 

2 

865.46 

4 

1385.2 

12 

410.06 

9 

871.37 

4 

2424.3 

11 

410.08 

9 

871.45 

4 

2440.8 

11 

475.60 

8 

997.53 

6 

2441.1 

11 

475.62 

8 

997.64 

6 

3175.16 

10 

542.57 

5 

1000.4 

6 

3204.06 

_ 1 

10 

The  only  source  available  for  this  ion  are  the  charge-expansion  calculations  of  Crossley  and 
Dalgarno  [1]  which  include  limited  configuration  mixing,  (iraphical  comparisons  of  this  work  with 
more  refined  values  within  the  isoelectronic  sequence  indicate  an  accuracy  of  25  percent  or  better. 
A  number  of  additional  values  have  been  obtained  from  studies  of  the  /-value  dependence  on 
nuclear  charge.  The  reliable  material  available  for  i»ther  ions  of  this  isoelectronic  sequence  in 
these  cases  permits  the  determination  of  reliable  values  for  P  V  simply  by  graphical  interpolation. 

Reference 

[1]  Crossley,  R.  J.  S.,  nnd  DsiRsrno,  A.,  Hroc,  Roy.  Sim-,  'oniion  A2B6,  5t0-5tB  11965). 


Pv.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

A(A) 

1 

hii:  III  ') 

Ajiciii  ') 

Hi 

An 

.4nll0"  sec') 

flk 

.Slal.u.) 

1 

w 

Accu¬ 

racy 

Source 

1 

3i— 3p 

’S-'P 

1121J 

1 

0 

89181 

2 

6 

11.9 

1  0.67 

1 

4.95 

0.127 

c 

1 

[1118.0] 

0 

mwj 

2 

4 

12.0 

0.448 

3.30 

-0.048 

c 

Is 

[1128.0] 

0 

88652 

2 

2 

11.6 

0.222 

1.65 

-0.353 

c 

Is 

2 

35-4p 

«S-*P* 

328.57 

0 

304350 

2 

6 

11 

0.055 

0.12 

-0.96 

D-l- 

interp 

[328.47] 

0 

304445 

2 

4 

11 

0.037 

0.080 

-1.13 

D-f 

Is 

[328.77] 

0 

304161 

2 

2 

11 

0.018 

0.040 

-1.44 

D-f 

Is 

3 

3s— 5p 

•S-'P* 

255.63 

0 

397/95 

2 

6 

7.5 

0.22 

0.037 

-1.36 

D 

inlerp 

[255.60] 

0 

391242 

2 

4 

7.6 

0.015 

0.025 

-1.52 

D 

is 

i 

[255.69] 

0 

391102 

2 

2 

7.3 

0.0071 

0.012 

-a.85 

D 

Is 

4 

3p-3d 

869.39 

89181 

204204 

6 

10 

36.7 

0.69 

11.9 

0.62 

C 

1 

1 

871.37] 

89446 

204208 

4 

6 

36.2 

0.62 

7.1 

0.394 

C 

is 

865.46 

88652 

204197 

2 

4 

31.0 

0.70 

3.97 

0.146 

C 

Is 

371.45 

89446 

204197 

4 

4 

6.0 

0.069 

0.79 

-0.56 

C 

Is 
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P  V.  Allowed  Transitions— CoTi/inued 


I 

! 


:3 


h 


I 

k 

f 


't 

I 


Pvi 

Ground  State  l4*25*2p*  'So 

Ionization  Potential  220.414  eV  =  1778250  cm"' 

Allowed  Transitions 

Calculations  by  Kastner,  Omidvar,  and  Underwood  [1],  employing  Hartree-Fock  wavefunc- 
tions  and  including  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a 
single-conliguratior,  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the 
strong  lines  and  eve'i  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by 
assumptions  about  the  coupling. 

Reference 


[]]  Kasiner.  S.  O..  Omidvar.  K.,  and  Undcrwmid.  J.  H..  Aalruphys.  J.  148,  269-273  (I%7). 
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P  VI.  Allowed  Transitions 


No. 

Transition 

Array 

Mulli|ilel 

X(A) 

£i(rm  ') 

A-\  (cm  ') 

i 

A'i 

A'i 

10"  see  ') 

u 

.S(ul.u.! 

WkI 

Accii- 

rucy 

Source 

1 

2p'- 

2p»(‘PS,j)3i 

•S-»P° 

[91.471] 

0 

1093240 

1 

3 

1 

74 

0.028 

0.0084 

- 1.55 

K 

1 

1 

2 

2p«- 

2p‘(‘P?,j)3i 

'S-'P° 

[90.647] 

0 

1I03I80 

1 

3 

490 

0.18 

0.054 

-0.74 

1) 

1 

3 

2p»- 

2p>(»PS,s)3d 

'S-’P° 

[76.534[ 

0 

1306610 

1 

3 

16 

! 

0.00':2 

1  : 

i 

!  O.OOll 

i 

-2.38 

F. 

1 

4 

2p'- 

2p‘(‘PS/*)3d 

[75.648] 

0 

1321910 

1 

1 

3 

4700 

1.2 

0.30 

0.08 

1) 

1 

5 

2p«- 

2p^*Pt„j3d 

•S-3D° 

[74.951] 

0 

1334210 

_ 1 

1 

1 

3 

670 

_ 1 

0.17 

0.012 

-0.77 

1) 

1 

P  VII 


Ground  State  h*2.s*2/>’ 

Ionization  Potential  263.31  eV  =  2124300  cm"’ 

Allowed  Transitions 

The  value  for  the  2.1^2//’ ^P°-2s2p'’  -S  niultipiet  is  calculated  from  the  nuclear  charge-expan¬ 
sion  method  of  Cohen  and  Dalgariio  [1].  It  may  be  quite  uncertain  since  configuration  interaction 
effects  with  configurations  involving  the  «  =  3  shell  electrons,  which  were  not  included  in  this 
calculation,  may  be  significant. 


Reference 

|1|  Cohen.  M..  and  Dalitarno,  A..  Pror,  Roy.  Soc.  London  A280,  2158-270  (1964). 


P  VII.  Allowed  Transitions 


No. 

Transition 

Array 

Miilliplcl 

A(A) 

HM-w  ') 

/■,\(<'in  ') 

ft 

1 

A'a- 

! 

.4*j)10"scc  ') 

h 

.S’(al.u.) 

lof;  ni  1 

i  rat*) 

.Source 

1 

2.?*2p'-2.?2p" 

i.S 

■JJLWt 

jm 

4.54732 

6 

2 

420 

0.10 

0.45 

-0.22 

[  1 

1) 

1 

1219.91] 

0 

4.54732 

4 

2 

290 

0.10 

0.30 

-0.40 

1) 

/.s 

[223.48] 

72f>8 

1 

4.54732 

2 

2 

140 

0.10 

0.15 

-0.70 

D 

Is 

122 


P  VII 

Forbidden  Transitions 


The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  strai^t  number, 
tabulated  fur  example  by  Naqvi  [I],  The  transition  probability  shoidd  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

|l|  Nu(|vi,  A.  M.,  Thesis  Harvard  (IttSI). 


Pvil.  Forbidden  Transitions 


Trunsilioii 

Array 

Muliiph-I 

a(A) 

Kiicm  ') 

Fa  (cm') 

A'a 

Type  of 
Transi¬ 
tion 

4A((sec'') 

.S(ai.u.) 

_ .  .  . 

Accu¬ 

racy 

r  ■  " 

Source 

2p'  —  2p'' 

—  -‘po 

[13755] 

0 

7268 

4 

2 

m 

6.89 

1.33 

A 

1 

P  VIII 


(Iround  State  ls-2s'*2p^  •'P2 

Ionization  Potential  309.26  eV  =  2495000  cm' ' 


Allowed  Transitions 

The  values  are  calculated  from  the  charge-expansion  method  of  Cohen  and  Dalgarno  [1] 
which  includes  limited  configuration  mixing.  From  comjiarisons  with  other  ions  in  the  isoelec- 
tronic  sequence,  uncertainties  should  be  within  50  percent. 

Reference 

|I|  (iiilien,  M.,  and  [)alt;arnii.  A..  Pr<ir.  R<iy.  Soc.  London  A280, 258-270 il%4i. 


Pvill,  Allowed  Transitions 


No. 

Transit  ion 
Array 

Mnlliplci 

A(Ai 

Fjtcm  '1 

■ 

Fitcoi  '» 

Pi 

gA 

.4a, (10"  sec' ') 

Jik 

.S'(at.ii.) 

l"g  «/ 

racy 

Suun’c 

1 

2.'i“2/)’— 2.s2p‘‘ 

247.77 

2789 

406389 

9 

9 

190 

0.18 

1.3 

0.21 

D 

1 

[247.f)4] 

0 

■103806 

5 

5 

140 

0.13 

0..54 

-0.17 

D 

is 

248.01 

5757 

408913 

.3 

.3 

49 

0.045 

0.11 

-0.87 

D 

Is 

214..55 

0 

408913 

5 

.3 

&3 

0.045 

0.18 

-0.65 

D 

Is 

246.32 

5757 

4117.36 

3 

1 

190 

0.058 

0.14 

-0.76 

D 

u 

2.51.23 

5757 

40.3806 

3 

5 

46 

0.073 

0.18 

-0.66 

D 

Is 

[249.32 

7826 

408913 

1 

.3 

61 

0.17 

0.14 

-0.77 

D 

Is 

2 

[1%.76] 

[.521.50] 

[.560680] 

5 

3 

.310 

0.11 

0..35 

-0.26 

D 

1 

3 

'S-'r 

[222.37] 

[11(W7(I] 

[.560680] 

1 

3 

46 

0.10 

0.075 

-  l.(K) 

D 

1 

508-022  0-69—1 
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P  VIII 

Forbidden  Transitions 


As  in  the  case  of  Ndiv  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Berger 
[2].  For  a  discussion  on  the  selection  of  values  see  NalV.  since  the  same  considerations  have 
been  applied. 

References 

|I]  Naqvi,  A.  M.  Thesis  Harvard  (1951). 

(2]  Malville.  J.  M.  and  Berger,  R.  A.,  Planetary  and  Space  Scieiiee  13,  I  l.'ll-l  1.56  (I%5). 


P  VIII.  Forbidden  Transitions 


N... 

Transition 

Array 

Multiplei 

x(A) 

£i(cm‘') 

Ei(cir\- 

) 

Hi 

n- 

Type  of 
Transi¬ 
tion 

/till  sec-') 

,S(al.u.) 

Accu¬ 

racy 

Source 

1 

2p*-2p* 

;ip_;ip 

r 

17365 

0 

5757 

5 

3 

e 

1.09X10-' 

C- 

1.  2 

17365 

0 

5757 

5 

3 

m 

4.28 

2.49 

B 

1 

12774 

0 

7826 

5 

1 

e 

6.8  X  10-'> 

0.0138 

C- 

2 

[48319] 

5757 

7826 

3 

1 

m 

0.476 

1.99 

B 

1 

2 

•P-'D 

0 

5 

5 

€ 

0.014 

0.0011 

D- 

1.2 

0 

1"^ 

5 

5 

m 

28.7 

0.0369 

C 

1 

\  iflli 

5757 

?  '  ^ 

3 

5 

e 

0.0011 

1.5  X  10-< 

D- 

1.2 

( fnn 

5757 

1  1  ^ 

3 

5 

m 

6.8 

0.0124 

C 

1 

7826 

ilm 

1 

5 

mm 

4.6  X  10-< 

7.7  X  10-' 

D- 

2 

3 

.tp-iS 

■■ 

0 

5 

1 

0.18 

6.3  X  10-» 

D- 

2 

5757 

3 

1 

m 

340 

0.0108 

C 

2 

4 

'D-'S 

[1708.8] 

[52450] 

[110970] 

5 

1 

e 

6.2 

0.054 

C- 

2 

PIX 


Ground  State  l4*2s*2p'' ^S.1/2 

Ionization  Potential  371.6  eV=  2997600  cm~* 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A) 

No. 

Wavelength  (A) 

No. 

Wavelength  [A| 

No. 

194.61 

3 

234.94 

7 

283.25 

1 

197.03 

3 

235.22 

7 

283.96 

8 

197.25 

3 

250.05 

2 

285.36 

, 

211.17 

250.37 

0 

289.28 

211.60 

250.40 

2 

289,53 

1 

214.02 

mM 

250.72 

2 

308.65 

9 

214.46 

278.06 

4 

314.77 

9 

227.75 

5 

278.82 

4 

314.95 

9 

228.25 

5 

279.21 

4 

3 11. .33 

9 

231.69 

7 

124 


4 


i 


Values  for  all  the  listed  transitions  are  calculated  from  the  nuclear  charge-expansion  method 
of  Cohen  and  Dalgarno  [1],  which  includes  limited  configuration  mixing.  Judged  from  graphical 
comparisons  with  other  ions  in  the  isoelectronic  sequence  and  from  the  general  success  of  Cohen 
and  Dalgarno’s  method  for  similar  atomic  systems,  uncertainties  within  50  percent  arc  indicated. ' 

Reference 

(1)  Ciihen,  M.,  and  Dalgarno,  A.,  Proc.  Roy.  Soc.  London  A280,  258-270  (1964). 


P  IX.  Allowed  Transitions 


No. 

ransition 

Array 

Multiple^ 

£*(cm-') 

-  I 

ft 

/f»)(10"set-') 

hk 

S(at.u.) 

^^2 

Source 

1 

25*2p'-252p< 

287.07 

0 

D 

12 

56 

0.21 

0.78 

n 

D 

1 

[289.53] 

0 

11 

6 

.54 

0.10 

0.39 

D 

is 

285.36 

0 

n 

4 

57 

0.069 

0.26 

BiVAV 

D 

is 

[283.25] 

0 

353050 

y 

2 

58 

0.035 

0.13 

Qjjyil 

D- 

is 

2 

J0O_2D 

250.4.5 

73505 

472784 

D 

m 

130 

0.12 

0.98 

0.08 

D 

1 

[250.72] 

6 

120 

0.11 

0.55 

-  0.18 

D 

is 

250.05 

^^HTi  »  [trfl 

S?!1 

4 

4 

110 

0.11 

0.35 

-0.36 

D 

Is 

250.40 

i  'SSm 

ml 

6 

4 

13 

0.0079 

0.039 

-  1.32 

E 

h 

[250.37] 

472580 

4 

6 

8.4 

0.012 

0.039 

-1.32 

E 

Is 

3 

2D<>_2p 

196.35 

73505 

10 

6 

440 

0.15 

0.98 

0.18 

D 

1 

[197.25] 

73730 

6 

4 

390 

0.15 

0.59 

-0.05 

D 

Is 

194.61 

73167 

4 

2 

450 

0.13 

0.33 

-0.28 

D 

Is 

[197.03] 

73167 

4 

4 

43 

0.025 

0.065 

-1.00 

E 

Is 

4 

2po_2[) 

278.80 

114106 

472784 

6 

20 

0.039 

0.21 

-0.63 

D 

1 

[279.21] 

114-V30 

4 

6 

20 

0.035 

0.13 

-0.85 

D 

Is 

278.06 

113457 

2 

4 

16 

0.038 

0.070 

-1.12 

D 

Is 

[278.82] 

114430 

4 

4 

3.3 

0  0038 

0.014 

-1.82 

E 

Is 

h 

ipo_JS 

228.08 

114106 

552540 

6 

2 

260 

0.069 

0.31 

-0.38 

P 

1 

[228.25] 

114430 

552540 

4 

2 

180 

0.070 

0.21 

-0.55 

D 

Is 

[227.75] 

113457 

552540 

2 

2 

86 

0.067 

0.10 

-0.87 

n 

h 

6 

*p®— *p 

213.35 

114106 

582810 

□ 

6 

130 

0:090 

0.38 

-0.27 

D 

1 

214.46] 

114430 

4 

4 

110 

0.074 

0.21 

-0.53 

D 

Is 

211.17 

113457 

BrIfRT  l1 

2 

2 

90 

0.060 

0.084 

-0.92 

D- 

Is 

211.60 

114430 

Ktlfilt  il 

4 

2 

45 

0.015 

-1.22 

D- 

Is 

214.02J 

113457 

j| 

2 

4 

22 

0.030 

-1.22 

D- 

Is 

7 

2s2p*~2p^ 

2D-*P” 

233.87 

472784 

1 

6 

210 

0.10 

0.78 

0.00 

D 

1 

[234.94] 

472580 

898220 

H 

4 

180 

0.10 

0.47 

-0.22 

D 

Is 

231.69 

473090 

4 

2 

210 

0.085 

0.26 

-0.47 

D 

Is 

[235.22] 

473090 

898220 

4 

4 

20 

O.OP 

0.052 

-1  17 

E 

Is 

8 

lS_2po 

287.49 

552540 

2 

6 

12 

0.045 

0.086 

-1.05 

D 

1 

[289.28] 

898220 

2 

4 

12 

0.030 

0.057 

-1.22 

D 

Is 

283.96] 

Bl 

2 

2 

13 

0.016 

0.029 

-K49 

D 

Is 

9 

ip_ipo 

.314  £9 

582810 

6 

6 

150 

0.23 

1.4 

0.14 

D 

1 

[314.95] 

.580710 

898220 

4 

4 

130 

0.19 

0.78 

-0.12 

D 

Is 

314.77 

587010 

904700 

2 

2 

100 

0.15 

0.?1 

-0.52 

D 

Is 

'308.65 

.580710 

904700 

4 

2 

.55 

0.039 

0  16 

-0.81 

D- 

Is 

[321.33] 

587010 

8^220 

2 

4 

24 

0.076 

0.16 

-0.81 

D- 

Is 

125 


Pix 

Forbidden  Transitions 


Naqvi's  jl]  calciilalions  are  ihc  only  available  source. 


Referen«‘e 


|lj  Naqvi,  A.  M..  Thesis  Harvard  (lySl) 

P  IX.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

a(A) 

Eiiem') 

A,'* (cm  ') 

Ml 

n 

Type  of 
Transi¬ 
tion 

Till  sec  ') 

.S(at.u.) 

Accu* 

racy 

Siiurce 

1 

2/r'-2p^ 

■|3S6.3l 

0 

73730 

4 

6 

m 

0.0441 

2.45  X  10 

1 

1356.3 

0 

73730 

4 

6 

e 

0.014 

2.2  X  10  ' 

D- 

1 

'1366.7 

0 

73167 

4 

4 

m 

10.9 

0.(X)412 

c- 

1 

1366.7] 

0 

73167 

4 

4 

e 

0.0083 

9.4  X  10 

D- 

1 

2 

4^o_2po 

[881.39] 

0 

1134.57 

4 

2 

rn 

57 

0.00288 

c- 

1 

881.39] 

0 

1 13457 

4 

2 

e 

7.1  X  10  * 

i  5  X  10  * 

D- 

1 

873.90 

0 

114430 

4 

4 

m 

127 

0.0126 

C- 

1 

[873.90] 

0 

1 14430 

4 

4 

e 

0.0030 

3.6  X  10  « 

D- 

1 

3 

( 17.76  X  1(P] 

73167 

73730 

4 

6 

m 

0.0019,3 

2.40 

B 

1 

[17.76  X  10*] 

73167 

73730 

4 

p 

2.6x10 

0.(K)16 

D- 

1 

4 

2pO-,2|l0 

[2456.3] 

73730 

1 14430 

6 

4 

m 

'7.3 

0.(X380 

C- 

1 

2456.3 

73730 

1144.30 

6 

4 

e 

0.49 

0.10 

1) 

1 

2481.3 

73167 

1 13457 

4 

2 

m 

18.5 

0.0210 

c- 

1 

2481.3 

73167 

1134.57 

4 

2 

e 

0.40 

0.044 

1) 

1 

2516.4 

73730 

1 1,3457 

6 

2 

p 

0.25 

o.txto 

1) 

1 

2422.7 

73167 

114430 

4 

4 

m 

32.5 

0.069 

c- 

1 

[2422.7 

73167 

114430 

4 

4 

e 

0.22 

0.043 

!) 

1 

.3 

2|>0  — 2|»o 

[  10.27  X  10'] 

113457 

1 144.30 

2 

4 

m 

0.00828 

1.33 

B 

1 

(10  27X  lO'l 

113457 

1 14430 

2 

4 

p 

2.6X10  " 

7.0  X  10  ' 

D- 

1 

Px 


(iround  Stale  l.v-2.s'2/r -'I’n 

Ionization  Potential  424.3  eV  =  3423000  cm”' 


Allowed  Transitions 

Most  data  arc  obtained  fnrm  'he  cliarjie-expansion  method  of  Cohen  and  Dalgarno  [I]  which 
includes  liniileri  r'onht'uralion  inixin;;.  (graphical  comparisons  of  this  material  w'ilhin  the  iso- 
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4 


electronic  sequence  depicting  the  dependence  of  /-values  on  nuclear  charge  have  been  made, 
and  the  available  experimental  data  for  the  lower  ions,  mostly  from  lifetime  measurements,  estab¬ 
lish  fairly  definitely  that  the  uncertainties  should  not  exceed  50  percent. 


Reference 

|l|  (Quill'll.  M..  aiul  Dultiariiii,  A.,  Pnu'.  Ho).  Sue.  I.<iml<iii  A280,  2.'vH-27U  (t964l. 


P  X.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

A(.4i 

f.',(cni  '1 

A'tlcni  ') 

A 

/ltd  10"  sec  >1 

.  .... 

h 

. . 

.S‘(al.u.| 

■  -  ■ 

l"g  «/■ 

Accu- 

Fcicy 

.Siiurce 

1 

‘ly'l'i^  —  Is'lii' 

.3897 

.1229.17 

1.3 

31 

0.077 

0.72 

-0.16 

D  T 

1 

.318.26, 

8.380 

322790 

s 

7 

31 

0.06.3 

0.34 

-0.49 

D  + 

k 

,312.87 

.3.390 

32.3010 

3 

.3 

24 

0.0.38 

0.18 

-0.76 

D  + 

Is 

,3()9.4t 

0 

32.3160 

1 

.3 

18 

0.079 

0.080 

-1,10 

D 

Is 

,318.(14 

8.380 

.32.3010 

.3 

.3 

7.6 

0.011 

0.060 

-1.26 

D 

Is 

.312.72 

3390 

.32.3160 

.3 

3 

1.3 

0.019 

0.060 

-1.24 

D 

Is 

.317.88 

8380 

.32.3160 

.3 

.3 

0.84 

7.6  X  10-^ 

0.0040 

-2.42 

E 

Is 

2 

269.48 

8.380 

.379660 

5 

.3 

58 

0.063 

0.28 

-0.50 

D 

\.ls 

[26.3.77 

.3.390 

379660 

3 

s 

20 

0.0.33 

0.093 

-0.98 

D- 

1 .  Is 

.1 

2«6..52 

.3897 

490100 

9 

3 

440 

0.09.3 

0.57 

-0.08 

D  + 

1 

[207.68] 

8.380 

490100 

5 

3 

240 

0.094 

0.32 

-0.33 

D  + 

Is 

203.46 

,3.390 

4W100 

3 

.3 

1.30 

0.094 

0.19 

-0..35 

D  + 

Is 

[204.04] 

0 

490100 

1 

.3 

.30 

0.094 

0.063 

-1.03 

E 

Is 

4 

'D-'D“ 

[23.5.27] 

.39.330 

484377 

5 

5 

220 

0.19 

0.72 

-0.02 

D 

1 

5 

[207..57] 

.39.3.30 

.341090 

5 

3 

280 

0.11 

0.37 

-0.26 

D 

1 

6 

'S-'P" 

[2.37.16] 

1194.30 

.341090 

1 

3 

76 

0.19 

o.;.3 

-0.72 

D- 

1 

I 

P  X 

Forbidden  Transitions 


! 


i 


I 

1 

i 

;l 

t 


The  adopted  values  represent,  as  in  the  case  of  NaVl.  the  work  of  Naqvi  [1],  Malville  and 
Berger  |‘J|.  and  Froese  [3|.  For  the  selection  of  values,  the  same  considerations  as  for  NaVI  are 
applied.  ,he  one  exeepti  in  being  that  Froese’s  magnetic  dipole  values  are  also  used.  Since  the 
observed  energy  levels  are  uncertain,  it  is  fell  that  the  {  and  tj  calculated  from  her  theoretical 
energy  levels  will  he  as  accurate  as  the  experimental  ones. 


Keferences 


|l|  Naqvi,  A.  M..  Thesis  Harvard  ( W.vtI. 

121  Malville.  J.  M..  and  Berger.  R.  A..  I’lanetary  and  Spare  Seiriiee  13,  I  l,tt-|  1.16  (l%.S). 
jsj  Frnese.  C..  Astrnphys.  J.  145  ,  932-93,1  (I9(fi6l. 
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P  X.  Forbidden  Transitions 


No. 

Transition 

Array 

Mulliplet 

X(A) 

/■.'((  cm  ') 

Hicicm  ') 

Hi 

A9. 

_ 1 

Type  of 
Transi- 
lion 

Uiifrr  ') 

.S(  al.u.) 

Accu¬ 

racy 

■Siiurcc 

1 

2p*- V 

.ip_;il. 

2949! 

0 

3.390 

1 

3 

m 

0.698 

1.99 

11 

1.  2.  .3 

1 16.52  i 

0 

8.580 

1 

.5 

e 

1.7.5  X  10  - 

0.0112 

c 

3 

19263 

3390 

8.580 

3 

.5 

m 

1.87 

2.48 

B 

1. 2.  3 

192o.i] 

3.390 

8.580 

.3 

.5 

e 

3.12  X  10 

0.0247 

C 

3 

:q>_iD 

168.5..5 

0 

.593.30 

1 

.5 

e 

9.2x10  • 

3.7  X  10  - 

1) 

.3 

1787.6 

.3390 

.59.3.30 

.1 

.5 

m 

16.8 

0.0178 

C 

1.2.3 

1787.6 

.3.390 

.59.3.30 

.3 

.5 

e 

0.00,34 

1.9  X  10  ' 

1) 

3 

1970.4 

8.580 

.593.30 

.5 

.5 

m 

37.3 

0.0,53 

C 

1.2.3 

1970.4 

8.580 

.59.3.30 

5 

.5 

e 

0.01.5 

0.0013 

1) 

.3 

3 

••'P-'S 

861.77 

.3.3<M! 

1194,30 

.3 

1 

m 

40.5 

0.0096 

C 

2.  .3 

[902.12] 

8.580 

1 19430 

.5 

1 

e 

0,31 

1.1  X  10  ' 

1) 

.3 

4 

'D-'S 

.. 

[166.3.9] 

.59;i.3() 

1 194.30 

.5 

1 

- 

e 

.5.8 

L  . 

0.04,37 

C 

3 

PXI 


(•round  State  \s‘2s‘2ii‘V° ■> 

Ionization  Potential  479.4  eV  =  .'i8675(X)  cm  ' 


Allowed  Transitions 

Values  for  the  majority  of  the  transitions  are  calculated  from  the  nuclear  charfte-expansion 
method  of  Cohen  and  Dalgarno  [1|,  which  includes  limited  configuration  mixing:,  ('•raphica!  com¬ 
parisons  with  other  data  for  the  lower  ions  of  this  isoelectronic  sequence  indicate  that  the  uncer¬ 
tainties  should  be  within  50  percent. 

For  the  2p^P°—3s^S  and  2/^ ’•‘P”— 3<f *D  multiplets  we  have  obtained  data  by  exploiting  the 
dependence  of  /-values  on  nuclear  charge:  In  these  cases  accurate  data  for  several  other  ions  of 
the  boron  sequence  are  available  from  extended  self-consistent  field  calculations  by  Weiss  [2|in 
which  configuration  mixing  is  fully  included.  Utilizing  those  values,  which  are  also  supported  by 
some  experimental  results  on  lower  ions,  we  have  obtained  the  /values  of  the  two  transitions 
simply  by  graphical  interpolation. 
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P  XL  Allowed  Transitions 


Pxi 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 
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P  XL  Forbidden  Transitions 
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Allowed  Transitions 

Garstang  and  Shatney  [1|  have  obtained  the  /-value  for  the  intercombination  line  2  'So— 2 
by  calculating  the  ratio  of  this  line  against  the  resonance  transition  in  the  intermediate  coupling 
uporoximation  and  by  using  for  the  resonance  line  a  value  calculated  according  t<i  (iohen  and 
Dalgarno's  method  |2|.  The  data  cah-ulated  from  the  charge-ex[iansioii  method  of  (ioheii  and 
Dalgarno  [2],  which  includes  limited  configuration  mixing,  are  estimated  to  be  usually  accurate 
to  50  percent  or  better,  while  the  charge-expansion  method  of  Nacjvi  and  Victor  (3|  should  be  less 
reliable  when  the  effects  of  configurati<in  interaction  are  strong,  since  these  are  neglected  entirely. 
In  assigning  the  accuracy  estimates  for  these  methods  as  well  as  for  the  Goulomb  a])proxiniatioii 
we  were  to  a  great  extent  guided  by  studying  the  degree  of  fit  of  the  data  int<i  the  systeinavic  trends 
along  isoelect ronic  sequences. 
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0 

[186.390] 

1 

.3 

1 

1.1  X  10  ' 

2.0  X  10  < 

-.3.% 

p 

In 

2 

'S-'P” 

[278.68] 

0 

.3.58840 

1 

.3 

70 
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C 
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O 
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Pxil 


Forbidden  Transitions 

Na(|vi's  fuloilutions  |li  are  the  only  avaiiahie  source.  The  results  for  the  transitions 

are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  ’'F®— 'F®  transi¬ 
tions.  Naqvi  uses  empirical  term  intervals,  i.e..  the  effects  of  confifiuration  interaction  should  be 
partially  included. 
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P  XII.  Forbidden  Transitions 


No. 

Transition  ' 
.Array 

1 

1 

Multipict 

X(  A) 

L 

Fi(cm*) 

F*(cm‘) 

.e< 

1 

A'* 

Type  of 
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Accu¬ 

racy 
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1 

j 
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1 

f 
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1 

3 

m 
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B 

1 

[l.S147j 

[186390] 
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3 

5 

m 
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A 

1 

2 

1 
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1 

3 

m 

77 
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C 

1 

1 
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1 
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3 

3 

m 
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0.0421 

C 

1 
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5 

3 

1 

_ 1 
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81 
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C 

1 

Pxiii 


(inoind  State 


l5^2.v  ^.S,« 


loni/ation  Fotcntiai 


61!.4.'>eV  =  4933060  cm-' 


Allowed  Transitions 

Fur  the  transition  2,s  — 2/r.  the  charf'e-expansion  calculation  of  Cohen  and  Daljiarno  [Ij  is 
chosen.  An  uncertainty  cf  less  than  10  percent  is  indicated  from  the  ‘iraphica!  comparison  of 
this  value  with  the  other  material  for  the  same  transition  within  the  isoelectronic  sequence.  Data 
for  the  other  listed  transitions  have  been  obtained  from  the  (atulomb  approximation.  Flots  of  the 
dependence  of  /-value  on  nuclear  charf'e  for  all  these  transitions  have  been  made  and  show  that 
this  material  connects  up  very  smoothly  with  the  data  for  the  lower  ions  as  well  as  with  the  hydro- 
"cnic  value  for  infinite  unclear  charge.  Based  on  this  impressive  ajireement.  accuracies  of  10 
percent  ((tr  2.'>  percent  for  setme  of  the  smaller  values)  are  indicated. 
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P  XIII.  Allowed  Transitions 
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For  the  vacuum  uv  portion  of  the  spectrum,  two  experimental  data  sources  are  available. 
Muller  [1]  has  carried  out  a  wall-stabilized  arc  experiment  for  many  lines  in  this  reidon;  since  his 
absolute  values  a^ree  within  a  few  percent  with  the  scale  provided  by  the  lifetime  measurements 
of  Savage  and  Lawrence  [4]  employing  the  phase  shift  technique,  we  have  in  this  case  not  renor¬ 
malized  these  values  to  the  lifetime  scale  as  we  have  usually  done.  Lawrence  [2]  has  performed 
intermediate  coupling  calculations  for  all  possible  transitions  in  the  3p*  —  3irH^  array;  these  num¬ 
bers  are  normalized  by  means  of  the  scale  provided  by  the  lifetime  experiment  of  Savage  and  Law¬ 
rence  [4]  above.  Lawrence's  values  are  chosen  whenever  Muller  is  not  available.  In  the  visible 
region  of  the  spectrum,  transition  probabilities  have  been  measured  by  Bridges  and  Wiese  [3]  using 


a  wall-stabilized  arc,  by  Foster  [6]  with  a  vortex  arc  and  by  Miller  [5]  with  a  conventional  shock-tube. 
All  three  experiments  agree  well  on  a  relative  basis,  but  the  absolute  scale  of  Bridges  and  Wiese 
is  about  a  factor  of  two  higher  than  that  of  the  other  two  authors.  The  absolute  values  are  estimated 
to  be  of  only  moderate  accuracy,  of  the  order  of  20  to  50  percent,  due  to  difficulties  in  determining 
the  populations  of  the  atomic  states  from  which  the  emission  takes  place.  We  have  therefore  re¬ 
normalized  the  data  of  Bridges  and  Wiese,  which  are  more  complete  than  the  others,  to  the  scale 
provided  by  the  Coulomb  approximation.  This  scale  is  just  about  in  between  the  two  experimental 
scales  and  it  fits  extremely  well  into  the  /-value  regularities  observed  for  homologous  atoms.  The 
Coulomb  approximation  is  employed  for  the  remainder  of  the  transitions  listed  and  is  expected  to 
give  results  with  uncertainties  within  50  percent,  except  for  those  transitions  involving  shell- 
equivalent  electrons. 
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Nd.  Transitidti  Multiplet 
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77181  5  5  0.025  8.1  X10-* 

77151  5  3  0.0053  1.0X10-' 

78290  5  3  6.9  0.13 


0.0021 
2.0X  10-* 
0.0037 


-3.43  D 
-5.46  D 
-3.19  D 

0.08  C 


-2.39  D 
-3.30  D 

-0.19  D 


5.5331  1|  3  1.2X10-'  4  9X10-*  4.9x10-'  - 


67817  1  3  0.0042  9.1  X10-' 


4.31  D 


-3.04  D 


1  3  6.3X10-'  9.4 X10-*  .5.6X10-'  -4.03  D 


13  1.5 


9  15  0.94 

5  7  0.% 

3  5  0.69 

1  3  0.45 

5  5  0.24 

3  3  0.38 

■5  3  0.027 


•5  3  0.91 

3  3  0..50 

1  3  0, 16 


0.035 
0.0,30 
0.036 
0.0063 
0.010 
4.2  K  10-' 


-0.66  D 


-0.43  D 

-0.76  D 
-1.05  D 
-1.44  D 
-1.50  D 
-152  D 
-2.68  E 

-0.84  D 

-1.10  D 
-1.35  D 
-l.a5  D 


N9  NS  NS 


Transition 

Multiple!  \(A)  £((cm"') 

ft- 

.4t,(10"  y,*.  .S'lat.u.) 

1"!! 

Array 

see"') 

9.2  ip*-3iryS°)bs\  •'P-3S'’ 


23  3p='3</-  sD'-^F 

3pH*S°'Af  (19) 


24  3p»3rf-  sD^-sF 

ipVS”)^/  (21) 


1303.42 


[11406] 

[11403] 

11464 

11453 

11472 

[11406] 

[11403] 

114.53 

11472 

[11406] 


8874.53 

8884.23 

8882.47 

8880.70 

[8880.1] 

8874.53 

8884.23 

8882.47 

8880.70 

8874.53 

8884.23 

8882.47 


76721  5  3  1.9 

[766.53]  25  35  0.18 


76653]  9  1 1 

76653]  7  9 

76653]  5  7 

76653  3  5 

76653]  1  3 

76653]  9  9 

76653]  7  7 

76653  5  5 

76653  3  3 

76653  9  7 

766.53  7  5 

766.53  5  3 


0.18 

0.15 

0.13 

0.10 

0.085 

0.031 

0.055 

0.074 

0.087 

0.0026 

0  0073 

0.012 


79143  25  35  0.10 


79143  9  1 1 

79143  7  9 

79143  5  7 

79143  3  5 

79143  1  3 

79143  9  9 

79143  7  7 

79143  5  5 

79143  3  3 

79143  9  7 

79143  7  5 

79143  5  3 


0.10 

0.083 

0.069 

0.056 

0047 

0.017 

0.030 

0.040 

0.047 

0.0014 

0.0040 

0.0067 


0.44 

0..39 

0..3.5 

0..34 

0.50 

0.060 

O.ll 

0.14 

0.17 

0.0040 

0.010 

0.014 


0.15 

0.13 

0.11 

0.11 

0.17 

0.020 

0.035 

0.047 

0.0.55 

0.0013 

0.0034 

0.0047 


-0.84  D 
1.10  E 


0.24  E 
0.01  E 


0.63  E 


25  3pHs-  *S°-’P 

3p3(<S°)4p  (1) 


9212.91 

9228.11 

9237.49 


63463  5  15  0.29 

63475  5  7  0.30 

63457  5  5  0.28 

63446  5  3  0.28 


0.74  D  +  l 


26  3S°-=P 

(3) 


27  3pM5-  *S°-*P 

3p3(<S°)5p  (2) 


35‘’_3p 

(4) 


10455.5 

104.59.5 
104,56.8 


4694.13 

4695.45 

46%.2.5 


5278.99 

5278.70 

.5278.10 


64892  5  9  0.22 

64893  3  5  0  22 

64889  3  3  0.22 

64892  3  1  0.22 

73917  5  15  0.0074 

73921  5  7  0.0076 

73915  I  5  5  0.0074 

7.3912  5  3  0.0072 


74270  3  9  0.0038 

74269  3  5  0.0()38 

74270  .3  3  0.0038 

74272  .3  1  0.00.38 


0.00.35 

0.0025 

0.1K)14 


0.(K)26 
0.0016 
5.3  X  10-< 


0..52  D  + 


-1.4.3  D  + 


29  .3pHp-  sP— ’0° 

3p“(<S°)4</  (6) 


8694.70 
8680.47 
8671.37 
8693.98 

8679.70 
8670.65 
869.3.24 
8679.00 
8670.19 


0.11 

0.075 

0.040 

0.0.38 

0.0<^3 

0.087 

0.0074 

0.029 

0.12 


0.16 

0.12 

0.076 

0.013 

0.077 

0.098 

().(K)60 

0.020 

0.04.3 


K 


Si.  Allowed  Transitions— Cora^inued 


No.  Transition  Multiplet  X(A)  £/(cm~')  A'/ticm*')  fn  fii: 
Array 


/fAidO*  f Ik- 

sec-') 


.S'lat.u.) 


Aceu-ISource 
racy  I 


(13) 


31  3pHp-  ■''P-»D° 

.3/)»(<S‘’).3(/  (8) 


.'12  3/Al/)-  ■■'P-'S'’ 

3/<^'(^S''i6.s  (7) 


.34  .3/)»4/)- 

I  3/.»(^S  )7s  (9) 


9035.92 

9036.32 

9038.72 
9039.27 

9036.73 
[9039.5] 


6757.16 

6748.79 

6743.58 

6757.16 

6748.79 

6743.58 

6757.16 

6748.79 

6743.58 


76%.73 

7686.13 

7679.60 


8452.14 

8449.54 

8451.55 


6415..50 

6408.13 

6403.58 


64893 

64889 

64892 

64893 
64889 
64893 


78271  15  25  0.079 


;8271  7 
78271  5 
78271  3  ! 
78271  7 
78271  5  I 
78271  3 i 
78271  7 1 


78271  5 


76464  15  5  0.061 


76721  5 1 
76721  3 
76721  1 


790.5^ 


0.029 

0.0.59 

16 

-0.27 

0.029 

0.049 

7.3 

-0,61 

0.022 

0.044 

3.9 

-0.88 

0.016 

0.0.59 

1.7 

-1.23 

0.0072 

0.0088 

1.3 

-1.36 

0.012 

0.015 

1.3 

-1.36 

8.0  X  10-< 

5.9  X  10-< 

0.087 

-2.,53 

0.079 

0.090 

30 

0.13 

0.080 

0.070 

11 

-0.31 

0.053 

0.0.50 

5.6 

-0.60 

0.028 

0.032 

2.1 

-1.02 

0.026 

0.018 

2.8 

-0.90 

0.046 

0.032 

3.5 

-0.80 

0.0.59 

0.041 

2.7 

-0.92 

0.0053 

0.0026 

0.40 

-1.75 

0.020 

G.0081 

0.90 

-1.39 

0.079 

0.018 

1.2 

-1.27 

0.061 

0.018 

6.8 

-0.57 

0.028 

0.018 

3.1 

-0.91 

0.020 

0.018 

2.2 

-1.06 

0.012 

0.018 

1.3 

-1.28 

0.0.50 

0.018 

4.5 

-  0.79 

0.028 

0.018 

2,5 

-1.04 

0.017 

0,018 

1.5 

-1.26 

0.0057 

0.018 

0.51 

-1.74 

0.029 

0.00.59 

1.9 

-1.05 

0.C13 

(;9059 

0.87 

-1.39 

0.0'195 

0.00,59 

0.62 

-1.53 

0.0057 

_ 

0.00,59 

0.37 

-1.75 

Forbidden  Transitions 


The  adopted  values  have  been  derived  from  Naqvi  jl],  and  Czyzak  ana  Krueger  [2].  Since  their 
methods  are  essentially  alike,  Naqvi’s  and  Czyzak  and  Krueger’s  magnetic  dipole  transitions  have 
normally  been  averaged,  except  ftir  the  •''P— 'S  transition  where  configuration  interaction  is  im¬ 
portant.  In  this  case  Czyzak  and  Krueger’s  empirically  derived  value  has  been  preferred  over 
Naqvi’s.  which  is  based  purely  on  theory  (see  also  General  Introduction).  McConkey,  Burns,  Moran, 
and  Kernahan  [3]  have  measured  the  relative  intensities  of  the  'Dj-'So  and  the  ®P|-'So  lines 
obtaining  a  ratio  of  5.1  ±0.7  in  perfect  agreement  with  Czyzak  and  Krueger’s  theoretical  ratio  of 
5.09. 
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Si.  Forbidden  Tran?itions 


No. 

Transition 

Array 

Multiplet 

K{K} 

/■-'((cm  ') 

/•.‘a (cm  ') 

A'/ 

i.  _ 

Hk 

i 

Type  of 
Transi¬ 
tion 

■lAilsCC  ') 

.S(  at. 11.1 

1 

3p<-3/)' 

3p_3P 

1 

|2.i.2;wx  lO^j 

1 

0.(0 

.396.11 

3 

.3 

e 

H.4X1()>‘ 

15.4 

i2.'i.2;wx  10^ 

1 

0  JO 

396.11 

5 

.3 

m 

().(M)14() 

2..5() 

[17.427  X  KhI 

! 

»‘,.00 

57.3.66 

5 

1 

e 

7.1  X  10  >* 

6.8 

[56.30'’  X  10«1 

396.11 

57.3.66 

.3 

1 

m 

3.02  X  10  ' 

2.tM) 

2 

ap-'D 

(IF) 

•0810.H 

0.(MI 

92.38..52 

5 

5 

#*  ' 

2.1  X  10- 

0.0*14 

10819.8 

0.00 

‘12.38.52 

5 

5 

m 

0.0275 

t).tM)6.5 

11305.8 

.3%.  11 

9238.  .52 

.3 

5 

e 

2.5  X  It)-'* 

0.014 

1130.5.8 

.3%.  11 

92.38..'i2 

.3 

3 

p\ 

().(M)H() 

t).(M)21.5 

11540.1 

57.3.66 

92.38..52 

1 

3 

e 

5.0  X  It)  « 

t).(M).3t) 

3 

3p_lS 

(2F) 

4.506.'/ 

().(X) 

22180.0 

5 

1 

e 

0.007.3 

0.(M)8I 

4589.26 

:m  11 

22180.(1 

3 

m 

()..3.5 

i).tM)12.5 

4 

'D-'S 

1 

(3F) 

1  1.7H 

1 

J _ 

77'>  ,.04 

1 

‘J238..52 

22180.0 

3 

1 

e 

1 

29.1 

Acell- 

racy 


Sniircf 


C  2 

A  1 

C  2 

A  1 


i  D 

i  C  I. 

D 

C  1. 
1) 


I) 


2 

2 


C 


2 


Sii 


(Ground  Slate  i 

Ionization  Potential  23.4  (•\'=  188824..i  cm  ' 


Allowed  Transilioiis 

IJst  of  lahulalcd  lines: 


Vi'av<'lcn}!tli  (.VI 

No. 

(Auvclciigtli  1  \) 

n 

No. 

Vi  avcIrnalO  |  Aj 

No. 

1124.39 

3860.64 

22 

41.5.3.10 

19 

1125.00 

.3  ! 

.3892..32 

22 

4162.70 

19 

11.31.05 

.3 

.3923.48 

2.3 

416.5.11 

26 

11.31.65 

3  ' 

.39,33.29 

2.3 

4168.41 

19 

12.34.14 

2 

3939.49 

20 

4174.04 

26 

12.50..50 

1  1 

3946.98 

20 

4180.7 

26 

12.53.79 

1  1 

.39.50.42 

20 

4189.71 

26 

12.59..53 

'  i 

3963.13 

20 

418').71 

19 

.3317.70 

18 

.3970.69 

20 

421.3.5 

19 

3.547.9 

24  ! 

3971.2 

20 

4217.2.3 

19 

.3.567.17 

24  j 

3979.86 

25 

4249.92 

27 

.3616.92 

24  , 

.399().<14 

20 

42.55.01 

19 

.36.39.1 

24  ' 

3998.79 

25 

4257.42 

27 

.378.3.16 

29 

400.3.89 

20 

42.59.18 

27 

37'12.46 

22 

40()'1.39 

2.3 

4267.80 

21 

.3802.65 

22  1 

4028.79 

20 

4269.76 

21 

3309.67 

22 

4032.81 

25 

4278..54 

21 

3821.0 

22 

4050  11 

20 

4282.6.3 

21 

3850.93 

22 

4142.29 

19 

4291.45 

21 

3860.15 

29 

4145.10 

19 

4294.4.3 

21 

hC>  hO  ho  hO  hO 


List  of  tabulated  \ine&  — Continued 


Wavelength  |Aj 

No. 

Wavelenfjth  |Al 

Nil.  ! 

1 

Wavelenfitn  [A] 

No, 

4318.69 

21 

,  4901.30 

1 

31  1 

5509,67 

8 

4,3,33.84 

21 

!  4908..3 

10  ' 

5.318.74 

34 

4,342,84 

30  , 

4917.1.3 

14 

5526,22 

5 

4.391,84 

,30 

4924.08 

9 

5536.77 

5 

4402,86 

,30  : 

492.3.32 

9 

5.356.01 

8 

44,32.41 

30 

4942.47 

9 

55,39.06 

34 

44.36.43 

.30  1 

4991.94 

9  1 

.3.364.94 

8 

4463.,38 

30  ^ 

,3006.71 

33 

.3573.85 

5 

4483.42 

30  : 

,3009.54 

9  i 

.3606.11 

5 

4486.66 

30  1 

i 

.3014.0.3 

i 

.3616,63 

5 

4.324.68 

17 

.3027.19 

4  ' 

5639.96 

13 

4,324.9,3 

17 

.3032.41 

9  1 

564.3.62 

8 

4.3.32.,38 

17  , 

.3047.28 

14  ' 

5646.98 

13 

46.36.74 

11 

,3103..30 

9 

5659.95 

5 

4681. .32 

, 

.312'j.l.> 

33 

5664.73 

5 

47(K).21 

.32 

.3)42..33 

.3819.22 

13 

4716,23 

11 

,3198.89 

33 

6305.51 

6 

4729.4.3 

.31  1 

.3201.00 

16 

6312.68 

7 

4742.4 

10 

,3201. ,32 

16 

788,3.26 

28 

4^79. 1 1 

10 

.3212,6 

16 

7%7.43 

12 

4792.02 

.31 

.3212.61 

16 

8005.24 

28 

4804.12 

10 

.3.320.70 

1.3 

8018.70 

28 

481,3.32 

11 

.3.34.3,67 

1.3 

8093.25 

28 

4819.60 

,31  '  .334.3.7 

1,3 

813.3.02 

28 

4819.60 

.32 

.3,362.69 

34 

1 

8222.15 

28 

1821.07 

32 

.3400.67 

.34 

8223.16 

28 

483.3.8.3 

.31 

.3428.64 

8  , 

8233..30 

28 

488.3.7.3 

,31 

.34.32  77 

8  1 

8314.7,3 

12 

488.3.6.3 

14 

.34.'^'.81 

8 

49(M).47 

31 

.347.3..39 

1 

8 

Muller  [1]  lias  measured  the  /'-values  fnr  three  iiiulti|ilets  in  tiie  vacuum  uv  portion  of  tins 
spei'truni  usinj:  a  wall-staliilized  arc.  His  absolute  values  have  been  renormalized  to  the  scale 
provided  by  the  lifetime  determinations  of  Savajje  and  Law'  e  [.ij  eniployin(i  the  phase  shift 
tecliunpie. 

In  the  visible  rejiion,  Hridfies  and  Wiese  [2]  have  carried  out  a  wall-stabilized  arc  experiment 
for  several  hues,  while  Miller  [.'{]  has  performed  measurements  with  a  conventional  shock  tube, 
(iarslano  [-t]  has  calculated  relative  line  strenjilhs  in  inleriiiediute  coupling  for  all  possible  transi¬ 
tions  in  the  4.s — 4/)  array.  The  exjierimental  ai>proa<dies.  whiidi  do  not  provide  very  accurate 
absolute  values,  are  slightly  renormalized  to  the  scale  obtained  from  the  Coulomb  approximation 
for  tbe  prominent  4.s^l’.-, -j  — 4/>^l)2.j  hue  (\5454).  The  relative  values  of  all  three  methods  are  in 
jiood  ajireement  and.  where  available,  the  iiorinulized  results  are  averajied  (an  exception  is  the 
4.S  — 4/)  '.S°  niultiplet:  here  the  two  experiments  ajiree.  but  deviate  slronjzly  from  theory;  it  seems 

likely  that  the  classification  is  here  erroneous). 

The  Coulonih  approximation  is  employed  for  many  other  transitions  in  this  ion:  it  should  be 
pointed  out.  however,  that  these  values  may  have  lar^e  uncertainties  due  to  significant  departures 
from  l.S  couplinj:.  The  departures  will  affect  the  weaker  lines  within  these  multi]>lets  more  stron;ily. 
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S II.  Allowed  Transitions 


No. 

Transition 

Multiplel 

X(A) 

A’ltcni"') 

f.'tlfin  *1 

A 

(*/(10" 

Jik 

,’'(ul.u.) 

l<>8  «/ 

.•\rru-j 

Siiurcc 

Array 

sec  ') 

racy  | 

1 

3s^3(r'-3sZi>* 

4§0_4p 

1256.1 

0 

79612 

4 

12 

0.39 

0.028 

O.-k) 

-0.*13 

c 

In 

(1  uv) 

12.39..33 

0 

7939.3 

4 

6 

0..34 

0.012 

0.20 

-  l.,32 

C 

In 

12.33.79 

0 

797.38 

4 

4 

0.42 

0.010 

0.17 

-1.10 

<; 

In 

12,30..3() 

0 

79968 

4 

2 

0.46 

0.(K).34 

().()8*1 

-  1 .67 

c 

In 

O 

(7  uv) 

12.34.14 

24.37;3 

10.3.3'1»1 

1 

4 

0.(48 

().(K)1 1 

0.018 

-2,36 

1)  t 

In 

3 

3p’-3/j-(’F)4s 

,po_.p 

1127.0 

24.5.57 

115286 

6 

6 

4,0 

0.076 

1.7 

-0.31 

1) 

In 

(8  uv) 

112,3.(K) 

24,37.3 

11,3461 

4 

4 

,3.1 

0. 0.3*1 

0.87 

-0,6.3 

1) 

In 

1131.0.3 

24,324 

1 12*137 

2 

2 

2.7 

0.0.31 

0.38 

-  0.*1*1 

1) 

In 

1131.6,3 

24.373 

1129.37 

4 

2 

1.1 

0.01 1 

0.16 

-l.,36 

1) 

In 

11 24., 39 

24.324 

11.3461 

2 

4 

0.84 

0.0.32 

0.24 

-  1.1*1 

1) 

In 

4 

353p^- 

3s-3/>-4/) 

jp_iS“ 

(1) 

,3027.19 

10.3.399 

12.348.3 

4 

2 

0.26 

0.(48 

.3.2 

-0.72 

1)^ 

2n.  .3n 

,3 142.. 3,3 

10601-1 

12.348.3 

2 

0.19 

0.074 

2  .3 

-o.a3 

1) 

3;i 

.3 

1 

o 

o 

(11) 

,3606.11 

110766 

128.3*1*1 

10 

8 

0..30 

0.11 

21 

0.(4 

11  + 

2n .  3n 
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3.3 
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1) 
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(19) 
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8 
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0.18 
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1.3 
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2n 
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(26) 
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10 
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3128.64 

109.361 

127*176 

2 
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6 
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D* 
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2 
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9 
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12 

12 
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0.33 
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0.60 

1) 
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110268 
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6 
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0.23 

2.3 

0.18 
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12*18.38 

4 

4 
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.3.7 
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1) 
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2 

2 
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0.0.33 
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1) 
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12*18.38 

6 

4 

0..30 
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1) 
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1098.31 
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4 

2 
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4 

6 

0  22 

0.12 
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' 

(8) 
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6 

6 

0.01 
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0.35 
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I) 

4n 
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4 

4 
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0.01, 3 
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D 

4n 
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4 

6 

().00.3() 
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D 
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1 
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0.15 

14 
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12 
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0.080 
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0.68 
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0.060 

4.0 
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0.51 

D 

.3/r.  4n 

(39) 

5212.61 
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0.098 

0.060 

4.1 

-0.62 

D 

.3/1.  4/1 

17 

:i[)_2p= 

4m.  1 

/2/.529 

/  4.3.5  78 

10 

6 

1.2 
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0.21 

4.7 

-()..37 

E 

r/i.  /s 

1‘) 
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0.76 

8.3 
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152094 
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20 
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1.55.506 

20 

20 
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127976 
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0.31 

0.072 

1.9 
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6 
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-0.78 

E 

Is 

4003.89 

128233 
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0.31 
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1 
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6 

6 

0.11 
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2.7 
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24 
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ra 
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1.58827 
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6 
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Is 
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12 
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0..5.3 

D- 
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1.5.5818 

4 

6 

1.2 
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0.24 

D- 

Is 
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1,31029 

1.56029 

4 

4 

1.2 

0.28 

15 

0.05 

E 

Is 
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1,31029 

1.56148 

4 

2 

1.2 
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E 
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1 

O 
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14 

14 

0.79 
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40 

0.46 
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ra 
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(64) 
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8 

8 

0.74 

0.20 

22 

0.19 

D- 

Is 

4165.11 

140230 
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6 

6 

0.74 

0.19 

16 

0.06 

D- 

Is 
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8 

6 

0.0.37 
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0.79 
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E 

Is 
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6 

8 
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0.79 
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E 
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27 
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o 

1 
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140725 
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14 
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80 

0.76 

D- 

ra 
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140709 
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6 

8 
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0..5.5 

46 
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D- 

Is 
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4 
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28 
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182.321 
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28 

20 

0.14 

0.10 

77 

0.46 

D- 

ca 
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(68) 
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10 

8 

0.12 

0.098 

27 

-0.01 

D- 

Is 
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164447 

8 

6 

0.12 

0.089 

19 

-0.15 

E 

Is 
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152094 
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6 

4 

0.12 

0.080 

13 

-0.32 

E 

Is 
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164119 

4 

2 

0.15 
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8.3 

-0.51 

E 

Is 
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8 

8 
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2.7 

-0.99 

E 

Is 
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152094 

164447 

6 

6 
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3.8 

-0.84 

E 

Is 
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151959 
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4 

4 

0.029 

0.029 

.3.1 

-0.94 

E 

Is 
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152094 
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6 

8 
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0.12 

-2.32 

E 

Is 
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151959 

164447 

4 

6' 
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0.20 
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E 

Is 

29 
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2 

6 

0.15 

0.10 
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D- 

ca 
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O 

4 
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Is 

3860.15 
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151384 

2 

2 

0.16 

0.036 

0.92 

-1.14 

E 

Is 

30 

6 

o 

1 

4486.9 

128287 

180718 

20 

12 

0.76 

0.14 

40 

0.48 

D 

3n,ca 

(43) 

4463.58 

12a5'W 

1.509% 

8 

6 

0..53 

0.12 

14 

-0.02 

D 

3n 

4483.42 

128233 

1.505.31 

6 

4 

0.31 

0.062 

5.5 

-0,43 

D 

3n 

4486.66 

127976 

1.50258 

4 

2 

0.66 

0.10 

5.9 

-0.40 

D 

Sn 

4391.84 

128233 

1509% 

6 

6 

0.16 

0.046 

4.0 

-0.56 

E 

ca.  Is 

4432.41 

127976 

150531 

4 

4 

0.29 

0.087 

5.1 

-0.46 

E 

ca.  Is 

44.56.43 

127825 

150258 

2 

2 

0.47 

0.14 

4.1 

-0.56 

E 

ca.  Is 

4342.84 

127976 

1509% 

4 

6 

0.018 

0.0075 

0.43 

-1.52 

E 

ca.  Is 

4402.86 

127825 

150531 

2 

4 

0.046 

0.027 

0.77 

-1.27 

E 

ca.  Is 

31 

4p°-.4p 

4821.6 

129984 

180718 

12 

12 

0.54 

0.19 

36 

0.36 

D- 

ca 

(46) 

4792.02 

1.30134 

1.509% 

6 

6 

0.37 

0.1,3 

12 

-0.12 

D- 

Is 

48.35.85 

1298.58 

1.50531 

4 

4 

0.072 

0.025 

1.6 

-0.99 

E 

Is 

4883.73 

129788 

150258 

2 

2 

0.091 

0.0.32 

!.0 

-1.19 

E 

Is 

4901.30 

130134 

1.50.531 

6 

4 

0.24 

0.058 

5.6 

-0.46 

E 

Is 

4900.47 

1298.58 

1.502.58 

4 

2 

0.45 

0.081 

5.3 

-0.49 

E 

Is 

4729.45 

129858 

1.509% 

4 

6 

0.16 

0.080 

5.0 

-0.49 

E 

Is 

4819.60 

129788 

1.50531 

2 

4 

0.23 

0.16 

.5.0 

-0.50 

E 

Is 

32 

2D°_2P 

(52) 

4814.2 

130969 

181738 

10 

6 

0.85 

0.18 

28 

0.25 

U- 

ca 

4824.07 

131187 

151911 

6 

4 

0.76 

0.18 

17 

0.02 

D- 

Is 

4819.60 

1.30641 

151384 

4 

2 

0.86 

0.15 

9.5 

-0.22 

E 

Is 

4700.21 

130641 

151911 

4 

4 

0.084 

0.028 

1.7 

-0.95 

r 

Is 

33 

4«;o_4p 

(57) 

8077.6 

131029 

180718 

4 

12 

0.18 

0.21 

14 

-0.08 

D- 

ca 

.5006.71 

131029 

1,509% 

4 

6 

0.17 

0.098 

6.5 

-0.41 

D- 

Is 

5126.13 

1.31029 

1.50.531 

4 

4 

0.18 

0.069 

4.7 

-0.56 

E 

Is 

5198.89 

1.31029 

1.502.58 

4 

2 

0.18 

0.0.36 

2.4 

-0.85 

E 

Is 

34 

2p°_2p 

84.39.8 

1.33.3.86 

181738 

6 

6 

0.50 

0.22 

24 

0.13 

D- 

ca 

(61) 

.5400.67 

133400 

151911 

4 

4 

0.40 

0.18 

13 

-0.15 

D- 

Is 

.5518.74 

13.3269 

151.384 

2 

2 

0.32 

0.15 

5.4 

-0.53 

E 

Is 

.5.5.59  06 

133400 

151384 

4 

2 

0.16 

0.037 

2.7 

-0.83 

E 

Is 

.5.362.69 

133269 

151911 

2 

4 

0.081 

0.070 

2.5 

-0.86 

E 

Is 

143 


Sil 

Forbidden  Transitions 


All  the  values  for  this  ion  are  taken  from  Czyzak  and  Krueger  (1),  since  they  have  included  the 
important  effects  of  configuration  interaction  and  have  used  self-consistent  field  wavefunctions  with 
exchange  to  obtain  their  value  of  s,.  (For  a  more  complete  discussion  see  General  Introduction.) 

Reference 

[1]  Czyzak,  S.  J.,  and  Krueger,  T.  K.,  Monthly  Notices  Roy.  Asiron.  Soc.  126,  177-194  (1%3). 


SlI.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£i(cm‘') 

EiAcm-') 

/Ti 

/r* 

Type  of 
Tran¬ 
sition 

/fitifsec-') 

.S(at.ti.) 

Arru- 

rary 

Source 

1 

3/r>-3/;3 

o 

1 

6 

o 

(2F) 

6716.42 

14884.8 

4 

6 

m 

3.63  X  10-' 

2.45  X  10“ 

c 

1 

6716.42 

14884.8 

4 

6 

e 

4.3  X  10-< 

0.021 

D 

1 

6730.78 

14853.0 

4 

4 

m 

1.56X  10-< 

7.1  X  10-“ 

C 

1 

6730.78 

0.0 

1485.1.0 

4 

4 

e 

2.7X  10-* 

0.0090 

D 

1 

2 

(IF) 

4068,60 

0.9 

24.571.6 

4 

4 

m 

0.341 

0.00.341 

C 

1 

4068.60 

0.0 

24571.6 

4 

4 

e 

1.3  X  10-“ 

3.5  X  10-“ 

D 

1 

4076.35 

0.0 

24.524.9 

4 

2 

m 

0.134 

6.7  X  10-' 

C 

1 

4076.35 

0.0 

24.524.9 

4 

2 

e 

1.4  X  10-' 

1.8X  10-' 

D 

1 

3 

[31.44  XIO^] 

14853.0 

14884.8 

4 

6 

m 

3.47  X  10-’ 

2.40 

B 

1 

[31.44X10'] 

14853.0 

14884.8 

4 

6 

e 

1.5  X  10-'“ 

0,17 

D 

1 

4 

2D°  — 

(3F) 

10317.7 

14884.8 

24571.6 

6 

4 

m 

0.060 

o.oo<;8 

C 

1 

10317.7 

14884.8 

24571.6 

6 

4 

e 

0.154 

42.9 

C 

1 

10336.0 

14853.0 

24524.9 

4 

2 

m 

0.067 

0.00.54 

C 

1 

10336.0 

14853.0 

24524.9 

4 

2 

e 

0.131 

18.4 

C 

1 

10369.7 

14884.8 

24524.9 

6 

2 

e 

0.087 

12.4 

C 

1 

10284.3 

14853.0 

24571.6 

4 

4 

m 

0.108 

0.0174 

C 

1 

10284.3 

14853.0 

24571.6 

4 

4 

e 

0.067 

18.2 

C 

1 

5 

[21.41  X  lO*] 

24.524.9 

24571.6 

2 

4 

m 

9.14X  10-’ 

1.33 

c + 

1 

[21.41  X  10'] 

24524.9 

_ 

24571,6 

2 

4 

e 

8.9  X  10-'“ 

0.0% 

D 

1 

Ground  State 


Ionisation  Potential 


]s^2s^2p^3^3p^  ®Pu 

35.0  eV  =  282752  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [.4j 

No. 

Wavelength  (A] 

No. 

Wavelength  [A] 

No. 

1190.17 

1 

2856.02 

10 

3750.74 

2 

1194.02 

1 

2863.53 

10 

3752.9 

2 

1194.40 

1 

2872.00 

10 

3778.90 

8 

1200.97 

1 

2897.5 

10 

3831.85 

8 

1201.71 

1 

2904.31 

10 

3837.80 

8 

1202.10 

1 

2947.2 

10 

3838.32 

8 

2443.3 

13 

2949.2 

12 

3860.64 

8 

2460..50 

j  •'* 

2950.23 

12 

.3899.09 

8 

2489.. 59 

11 

2962.7 

12 

3900.0 

6 

24%.24 

13 

2964.80 

12 

3920.37 

6 

2499.08 

13 

2985.98 

12 

3928.62 

6 

2508.15 

13 

2998.8 

12 

3%1.55 

6 

2636.88 

14 

3231.10 

4 

3983.77 

6 

2665.40 

14 

3233.24 

4 

3985.97 

6 

2680.47 

14 

32.34.17 

4 

4253.59 

7 

2691.68 

14 

3324.01 

3 

3 

4284.99 

4332.71 

7 

2702.76 

14 

3324.87 

7 

2709.9 

11 

3367.18 

3 

4340.30 

7 

2714.1 

11 

3369.49 

3 

4354.56 

5 

2718.88 

11 

3370.38 

3 

4361.53 

7 

2721.40 

14 

3387.13 

3 

4364.73 

5 

2726.82 

15 

3632.02 

2 

4418.84 

7 

2731.10 

11 

3656.61 

9 

4439.87 

5 

2741.01 

11 

3662.01 

9 

4467  83 

5 

2756.89 

11 

3709.37 

2 

4478.48 

5 

2775.25 

11 

3710.42 

2 

4499.29 

5 

2785.49 

15 

3717.78 

9 

4527.96 

5 

2797.39 

15 

3747.90 

2 

Varsavsky  [1]  has  calculated  a  value  for  one  multiplet  of  this  ion  using  the  screening-approxi¬ 
mation  method:  this  number  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  been 
neglected  entirely.  For  numerous  other  transitions,  including  those  involving  shell-equivalent 
electrons,  the  Coulomb  approximation  has  been  employed  in  order  to  have  data  available  for  some 
of  the  more  prominent  lines  in  this  spectrum.  From  the  general  success  of  this  method  and  from 
comparisons  with  analogous  transitions  in  other  ions,  uncertainties  of  50  percent  are  normally 
expected;  however,  the  uncertainties  should  be  somewhat  larger  for  those  transitions  involving 
shell-equivalent  electrons. 

Reference 

(1|  Varsavsky,  M.,  Astrophys.  J.  Suppl.  Ser.  6,  No.  53,  75  (1961). 


Sill.  Allowed  Transitions 


No. 

Transition 

Multiple! 

mA) 

A’lleni"')  ! 

m  ') 

P‘ 

Ph 

/(*((10"  sec"') 

.S(at.u.) 

Aci'u 

Suurce 

Array 

1 

racy 

1 

—  SsS/r’ 

•'Ip  — 3[)® 

1197. 5 

562 

84066 

9 

15 

17 

0.62 

22 

0.75 

E 

1 

{1  uv) 

1200.97 

a33 

84100 

5 

7 

17 

0.51 

10 

0.40 

E 

Is 

1 194.02 

297 

84046 

3 

5 

13 

0.46 

5.4 

0.14 

E 

Is 

1190.17 

0 

84019 

1 

3 

9.6 

0.61 

2.4 

-0.21 

E 

Is 

1201.71 

8.33 

84046 

5 

5 

4.2 

0.091 

1.8 

-0..34 

E 

Is 

1194.40 

297 

34019 

3 

3 

7.1 

0.15 

1.8 

-0.34 

E 

Is 

1202.10 

8.33 

84019 

5 

3 

0.47 

0.0061 

0.12 

i  -1.52  ^ 

1  1 

E 

Is 

2 

3p3d- 

•Ip®— 3[) 

.mo. 7 

143118 

170279 

9 

15 

0.010 

0.0034 

0.37 

-  1..52 

E 

ca 

3p(-P°)4p 

(I) 

3632.02 

143124 

170649 

5 

7 

0.010 

0.0029 

0.17 

-1.84 

E 

Is 

3709.37 

14.3116 

170067 

.3 

5 

0.0075 

0.0026 

0.094 

-2.11 

E 

Is 

3747.90 

1430% 

169770 

1 

.3 

0.00.54 

0.0034 

0.042 

-2.47 

E 

Is 

3710.42 

143124 

170067 

5 

5 

0.002,^ 

5.2  X  lO-* 

0.0.31 

-2.  .59 

E 

Is 

3750.74 

143116 

169770 

.3 

.3 

0.0041 

8.6  X  lO-* 

0.032 

-2.59 

E 

Is 

[37.52.9] 

143124 

169770 

5 

.3 

2.7  X  10-^ 

3.4  X  10-^ 

0.002! 

-.3.77 

E 

Is 

3 

3po_3p 

3.346.2 

143118 

172994 

9 

0 

0..32 

0.0.53 

.5.3 

-0..32 

E 

ra 

(2) 

j 

3324.87 

143124 

17.3192 

5 

S 

0.24 

0.0.39 

2.2 

-0.71 

E 

Is 

.3369.49 

14.3116 

172786 

3 

3 

0.077 

0.013 

0.44 

-1.41 

E 

Is 

3370.38 

143124 

172786 

5 

.3 

0.13 

0.013 

0.7.3  1 

-1.18 

E 

Is 

.3387.13 

143116 

1726.31 

.3 

1 

0.30 

0.017 

0.58 

-1.28 

E 

Is 

.3.324.01 

143116 

173192 

.3 

5 

0.079 

0.022 

0.72 

-1.18 

E 

Is 

3367.18 

14.30% 

172786 

1 

.3 

0.10 

0.0.52 

0..58 

-1.28 

E 

Is 

4 

.1po_3§  1 

.32.33.4 

1431 18 

1740.36 

9 

.3 

1.3 

0.070 

6.7 

-0.20 

E 

ca 

(3) 

1 

3234.17 

14.3124 

174036 

5 

3 

0.75 

0.070 

3.7 

-0.46 

E 

Is 

.3233.24 

143116 

174036 

.3 

3 

0.45 

0.070 

2.2 

-0.68 

E 

Is 

3231.10 

1430% 

174036 

1 

.3 

0.15 

0.070 

0.75 

-1.15 

E 

/5 

5 

•■'D''— ’D 

442.5.3 

147688 

170279 

15 

15 

0.11 

0.031 

6.8 

-0..33 

E 

ca 

,  ! 

j 

(7) 

4364.7.3 

147745 

170649 

7 

7 

0.097 

0.028 

2.8 

-0.71 

E 

Is 

4467.83 

147691 

170067 

5 

5 

0.072 

0.021 

1.6 

-0.97 

E 

Is 

4499.29 

1475.50 

169770 

.3 

3 

0.076 

0.02.3 

1.0 

-1.16 

E 

Is 

4478.48 

147745 

170067 

7 

5 

0.016 

0,00.34 

o.a5 

-1.62 

E 

Is 

4,527.% 

147691 

169770 

5 

.3 

0.025 

0.0046 

0..34 

-1.64 

E 

Is 

43.54.56 

147691 

170649 

5 

7 

0.012 

0.0049 

0.35 

-1.61 

E 

Is 

44,39.87 

147,5,50 

170067 

3 

5 

0.016 

0.0077 

0.34 

-1.63 

E 

Is 

6 

•lO®— -ip 

39.50.5 

147688 

172994 

15 

9 

0.73 

0.10 

20 

0.19 

E 

ca 

(8) 

3928.62 

147745 

17.3192 

7 

5 

0.59 

0.098 

8.9 

-0.16 

E 

Is 

.3983.77 

147691 

172786 

5 

1  3 

0.51 

0.073 

4.8 

-0.44 

E 

Is 

.39a5.97 

147.5,50 

1726.31 

.3 

1 

0.68 

0.0.54 

2.1 

-0.79 

E 

Is 

.3920.37 

147691 

17.3192 

5 

5 

0.11 

0.025 

1.6 

-0.91 

E 

Is 

.3%!.. 55 

1475.50 

172786 

3 

.3 

0.17 

0.041 

1.6 

-0.91 

E 

Is 

[.3900.0] 

147.5.50 

173192 

.3 

5 

0.(K)72 

0.0027 

1.1 

-2.09 

E 

Is 

7 

3/j4j- 

•Ip^—^Q 

4287.1 

146960 

170279 

9 

15 

1.2 

0..5.5 

70 

0.70 

D 

ca 

3p(^P°)4p 

(4) 

42.53..59 

147146 

170649 

5 

7 

1.2 

0.47 

33 

0.37 

D 

Is 

4284.99 

1467,37 

17(X)67 

3 

5 

0.90 

0.41 

17 

0.09 

D 

Is 

4.332.71 

1466% 

169770 

1 

.3 

0.64 

0..54 

7.7 

-0.27 

D- 

Is 

4.361. .5.3 

147146 

170067 

5 

5 

0.28 

0.081 

5.8 

-0..39 

D- 

Is 

4340.. 30 

1467.37 

169770 

3 

.3 

0.48 

0.14 

5.8 

-0..39 

D- 

Is 

4418.84 

147146 

169770 

5 

3 

0.0.3(' 

0.00.53 

()..39 

-1.57 

E 

Is 

8 

•3p®  — 3p 

3840.0 

146960 

172994 

9 

9 

1.7 

0.38 

43 

0..53 

D 

ca 

(5) 

.3a38.32 

147146 

17.3192 

5 

5 

1.3 

0.28 

18 

0.14 

D 

Is 

.3837.80 

146737 

172786 

,  .3 

) 

0  42 

0.092 

.3.5 

-0..56 

D 

Is 

3899.09 

147146 

172786 

5 

.3 

0.67 

0.092 

5.9 

-0..34 

D 

Is 

3860.64 

1467.37 

1726.31 

,3 

1 

1.6 

0.12 

4.7 

-0.44 

D 

Is 

3778.90 

1467.37 

17.3192 

.3 

5 

0.44 

0.16 

5.8 

-0..3.3 

D 

Is 

3a31.a5 

1466% 

172786 

1 

.3 

0..56 

0.37 

4.7 

-0.43 

D 

Is 

1 

I 

\ 


\ 

I 

1 

\ 

\ 
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Sill.  Allowed  Transitions— Con^mued 


No. 

Transition 

Array 

.  ...  - j. 

Multiple! 

X(A) 

filcm"*) 

Pi  1 

1 

/<iw(10"  sec"') 

u. 

5'(ai.u.) 

logfi/' 

Accu¬ 

racy 

Source 

0 

3po_3S 

3692.3 

I46%0 

174036 

9 

3 

1.9 

0.13 

14 

0.06 

D 

ca 

(6) 

3717.78 

147146 

174036 

5 

3 

1.0 

0.13 

7.8 

-0.20 

D 

1  Is 

3662.01 

146737 

174036  1 

3 

3 

0.64 

0.13 

4.6 

-0.42 

D 

Is 

3656.61 

1466% 

174036 

1 

3 

0.21 

0.13 

1.5 

-0.89 

D- 

Is 

10 

3/)4p-’ 

•'*D_3po 

2865.7 

170279 

205164 

15 

21 

.5.7 

0.99 

140 

1.17 

D 

ca 

3/>(^P°)4r/ 

(15  uv) 

2863.53 

170649 

205561 

7 

9 

5  7 

0.90 

59 

0.80 

D 

Is 

2856.02 

170067 

20.5071 

5 

7 

5.1 

0.87 

41 

0.64 

D 

Is 

2872.00 

169770 

204579 

3 

5 

4.7 

0.97 

28 

0.46 

D 

Is 

1 

2904.31 

170649 

205071 

7 

7 

0.61 

0.077 

5.2 

-0.27 

D- 

Is 

2897.5] 

170067 

204579  1 

.5 

5 

0.86 

0.86 

5.1 

-0.27 

D- 

Is 

[2947.2] 

170649 

204579 

7 

5 

0.024 

0.0022 

0.15 

-1.81 

E 

Is 

II 

JD-i'D" 

2740.6 

170279 

206757 

15 

15 

1.6 

0.18 

24 

0.42 

D 

ca 

(16  uv) 

27.56.89 

170649 

206911 

7 

7 

1.4 

0.16 

9.9 

0.04 

D 

Is 

2731.10 

170067 

206672 

5 

5 

1. 1 

0.12 

5.4 

-0.22 

D 

Is 

2718.88 

169770 

206.539 

3 

3 

1.2 

0.13 

3.5 

-0.41 

D 

Is 

2775.25 

170649 

206672 

7 

5 

0.24 

0.019 

1.2 

-0.87 

D- 

Is 

2741.01 

170067 

206539 

5 

3 

0..39 

0.026 

1.2 

-0.88 

D- 

Is 

[2714.1] 

170067 

206911 

5 

7 

0.18 

0.027 

1.2 

-0.87 

D- 

Is 

1 

[2709.9] 

169770 

206672 

3 

5 

0.24 

0.043 

1.2 

-0.88 

D- 

Is 

12 

.1p_3D® 

2961.0 

172994  \ 

206757 

9 

|15 

4.0 

0.88 

77 

0.90 

D 

ca 

(14) 

1 

(18  uv) 

2964.80 

173192 

206911 

5 

7 

4.0 

0.74 

36 

0..57 

D 

Is 

29.50.23 

172786 

206672 

3 

'  5 

3.0 

0.66 

19 

0.30 

D 

h 

[2949.2] 

172631 

206.539 

I 

3 

2.2 

0.88 

8.5 

-0.06 

D- 

Is 

2985.98 

173192 

206672 

5 

5 

0.99 

0.13 

6.5 

-0.18 

D- 

Is 

2%2.7] 

172786 

206.539 

3 

3 

1.7 

0.22 

6.4 

-0.18 

D- 

Is 

1 

[2998.8] 

173192 

206539 

5 

3 

0.11 

0.0088 

0.44 

-1..36 

E 

Is 

1.1 

3/)4/)- 

:iD— ip” 

2495.6 

170279 

2103.38 

15 

9 

3.0 

0.17 

21 

0.41 

D 

ca 

.3/)(-l»").1i 

(17  uv) 

24%.24 

170649 

210698 

7 

5 

2.5 

0.17 

9.7 

0.07 

D 

Is 

2508.15 

170067 

209926 

5 

•X 

2.3 

0.13 

5.4 

-0.18 

D 

Is 

2499.08 

169770 

209773 

3 

1 

3.1 

0.097 

2.4 

-0.53 

D- 

Is 

2460.50 

170067 

210698 

5 

5 

0.45 

0.041 

1.7 

-0.69 

D- 

Is 

2439.59 

169770 

209926 

3 

3  1 

0.77 

0.072 

1.8 

-0.67 

D- 

Is 

[2443.3] 

169770 

210698 

3 

5 

0.030 

1 

0.0045 

0.11 

-1.87 

E 

Is 

14 

2677.0 

172994 

210338  \ 

9 

9 

1.9 

0.20 

16 

0.26 

D 

ca 

(19  uv) 

2665.40 

173192 

210698 

5 

5 

1.4 

0.15 

6.4 

-0.14 

D 

Is 

2691.68 

172786 

209926 

3 

3 

0.46 

0.050 

1.3 

-0.82 

D 

Is 

2721.‘M) 

173192 

209926 

5 

3 

0.77 

0.051 

2.3 

-0.59 

D 

Is 

2702.76 

172786 

209773 

3 

1 

1.9 

0.068 

1.8 

-0.69 

D 

Is 

2638.88 

172786 

1  210698 

3 

5 

0.45 

0.079 

2.1 

-0.63 

D 

Is 

2680.47 

172631 

209926 

1 

3 

0.62 

0.20 

1.8 

-0.70 

D 

Is 

1.1 

3C ;ipo 

27.53.9 

174036 

210338 

3 

9 

0.61 

0.21 

5.7 

-0.20 

D 

ca 

(20  uv) 

2726.82 

174036 

210098 

3 

5 

0.60 

0.11 

3.0 

-0.47 

D 

Is 

2785.49 

1740.36 

209926 

3 

3 

0.61 

0.071 

2.0 

-0.67 

D 

Is 

2797..39 

174036 

209773 

L'l 

1 

0.63 

0.024 

0.66 

-1.14 

D- 

Is 
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S  111 

Forbidden  Transitions 

The  adopted  values  have  been  derived  from  Naqvi  [1],  and  Czyzak  and  Krueger  [2].  Since 
their  methods  are  essentially  alike,  Naqvi’s  and  Czyzak  and  Krueger's  magnetic  dipole  transitions 
have  normally  been  averaged,  except  for  the  ®P— 'S  transition  where  configuration  interaction  is 
important.  In  this  case  Czyzak  and  Krueger’s  empirically  derived  value  has  been  preferred  over 
Naqvi’s,  which  is  based  purely  on  theory  (see  also  General  Introduction). 

References 


[11  Naqvi,  A.  M.,  Tiieaig  Harvard  (1951). 

[21  Czyzak,  S.  J.,  and  Krueaer,  T.  K.,  Monthly  Nolices  Roy.  A»lron.  Soc.  126,  J77-194  (1963). 


S  Ill.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£i(cm"*) 

£»(cm*'.i 

Pi 

Pk 

Type  of 
Tran¬ 
sition 

/l*i(sec-') 

,S(at.u.) 

Accu¬ 

racy 

1 

3// -3// 

3p_3p 

33.638  X  l(P 

0.0 

297.2 

1 

3 

m 

4.72  X  lO-" 

2.00 

12.009  X  1(P 

0.0 

832.5 

1 

5 

e 

4.69  X  10-" 

3.49 

18.676  X  1(P 

297.2 

832.5 

3 

5 

m 

0.00207 

2.50 

[18.676  X  1(P 

297.2 

832.5 

3 

5 

B 

1.16  X  10-" 

7.9 

c 

2 

3p_ID 

■ 

(IF) 

[8831.5j 

0.0 

11320 

1 

K 

9.1X10-“ 

0.0014 

D 

9069.4 

297.2 

11320 

3 

K 

0.0248 

0.00343 

C 

9069.4 

297.2 

11320 

3 

K 

6.1X10-“ 

0.011 

D 

9532.1 

832.5 

11320 

5 

B 

0.064 

0.0103 

C 

9532.1 

832.5 

11320 

5 

E 

B 

3.3X  10-< 

0.077 

D 

3 

aP-‘S 

(2F) 

3721.8 

297.2 

27163 

3 

1 

m 

0.85 

0.00162 

C 

3796.7 

832.5 

27163 

5 

1 

0.016 

0.0077 

D 

4 

'D-'S 

(3F) 

6312.1 

1132(' 

27163 

5 

1 

2..54 

15.2 

C 

Siv 


Ground  State  ls''*2s*2/>®3s*3/> 

Ionization  Potential  47.29  eV  =  381541.4  cm"' 

Allowed  Transitions 

The  screening-approximation  calculations  of  Varsavsky  [1]  for  the  3s*3p  *P°— 353// multi- 
plet  are  considered  to  he  rather  uncertain  (probably  loo  high,  as  judged  from  comparisons  in  other 
ions)  since  the  important  effects  of  configuration  mixing  are  neglected  entirely.  Gruzdev  and 
Prokofev  [2]  have  carried  out  (ioulorub  approximation  calculations  modified  with  the  Seaton 
correction  for  the  3/> '''P°  — 4.5 ''S  inultiplet;  these  results  should  be  reliable  to  within  25  percent, 
as  judged  from  plots  depicting/-value  dependence  on  nuclear  charge. 
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S  IV.  Allowed  Transitions 


No. 

Transitijn 

Array 

Multiple! 

a(A) 

£i(cm*‘) 

£/t(cm-') 

gt 

gk 

/<in(10*sec->) 

fk 

5'(at.u.) 

log  «/■ 

Accu¬ 

racy 

Source 

1 

35'‘3//— 3.s3/)* 

2po_2J) 

1069.6 

633 

94130 

6 

10 

20 

0..57 

12 

0.53 

E 

1 

(1  uv) 

1072.99 

950 

94148 

4 

6 

20 

0.52 

7.3 

0.32 

E 

Is 

1062.67 

0 

94102 

2 

4 

17 

0..59 

4.1 

0.07 

E 

Is 

! 

1073.52 

9.50 

94102 

4 

4 

3.3 

0.057 

0.81 

-0.64 

E 

Is 

2 

3/<— ('S)4i 

2po_2S 

1 

553.10 

633 

181432 

6 

2 

61 

0.094 

1.03 

-0.249 

C 

2 

[554.071 

950 

181432 

4 

2 

40.8 

0.094 

0.69 

-0.425 

C 

h 

.551.17 

0 

181432 

2 

2 

20.6 

0.094 

0.341 

-0.73 

C 

Is 

,3 

4i— ('S)4/> 

2S_2po 

3104.1 

181432 

213647 

2 

6 

2.6 

1.1 

23 

0.35 

D  + 

C(t 

(1) 

3097.46 

181432 

213717 

2 

4 

2.6 

0.74 

15 

0.17 

04- 

Is 

3117.75 

181432 

213.507 

2 

2 

2.5 

0.37 

7.5 

-0.13 

04- 

Is 

Siv.  Forbidden  Transitions 


The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  num¬ 
ber,  tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate, 
since  the  energy  level  difference  is  accurately  known. 
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Siv.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

mA) 

£((cni-‘) 

£t(c!n"') 

gi 

gk 

Type  of 
Tran¬ 
sition 

/f*((sec-') 

S(at.  u.) 

Accu¬ 

racy 

Source 

1 

3p-CS)3/> 

ipo_iP° 

[10.521  X  10<] 

0.0 

950.2 

2 

4 

m 

0.00770 

1.33 

A 

1 
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(Ground  State 


Sv 


Ionization  Potential 


ls-2s-2|)«3s-  'S„ 
72.5  eV=o847(K)  cm  ' 


Allowed  Transitions 

l.ist  of  tabulated  lines: 


Wavelength  [Al 

No. 

Wavelength  |Ai 

No. 

Wavelength  [.A] 

No. 

437.37 

8 

68().<t() 

- 

8.32.183 

2 

4,3K.iy 

8 

6!$1 .68 

i 

8.34.792 

2 

439.63 

y. 

68t).ll 

6 

8.37.872 

2 

6.38.262 

s 

68t).93 

() 

860.4^)2 

2 

6.39.8,33 

,3 

688.07 

6 

883.. 34 

4 

663.1.33 

.3 

689.83 

6 

884.4.3 

4 

676.21 

7 

691.74 

6 

88.3.77 

4 

677.33 

7 

69.3..3.3 

6 

9(H). ‘8) 

3 

678.12 

< 

786.476 

1 

902.83 

3 

680.36 

1 

849.241 

2 

90.3.89 

3 

The  charge-expansion  technique  of  Crossley  and  Dalgarno  |1|,  which  includes  limited  con¬ 
figuration  nc  ;ing.  has  been  employed  for  the  majority  of  the  transitions  in  thi-;  speclnim.  (iinz- 
dev  and  Piokofev  (2|  have  carried  out  Coulomb  approximation  calculations,  modilied  vi;h  the 
Seaton  correction,  for  the  35.'',o 'P'’— S.fd.s ’'S  multiplet.  For  many  of  these  transitions,  the  de¬ 
pendence  of  oscillator  strength  on  nuclear  charge  has  served  as  an  aid  in  estimating  accuracies. 

For  the  resonance  line  we  have  chosen  an  interpolated  value  in  preference  to  tic-  resnlt  by 
Crossley  and  Dalgarno,  since  their  number  for  Sv  does  not  fit  too  closely  into  the  very  firndy 
established  systematic  trend  for  this  transition  against  nuclear  charge  (See  fig.  4  of  the  Ceneral 
Introduction). 
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S  V.  Allowed  Trantitions 


N>..i 

1 

Transition  j 
Array 

1 

Multiple!  ! 

1 

i 

A(A)  j 

T 

fjtenr*) 

7 

) ' 

— r 

A'a 

1 

.-lA-fdO*  see"')  1 

1 

/a- 

.Siat.u.) 

log// 

Accu¬ 

racy 

1 

i  1 

1  i 

— 3s(*SKV  i 

1 

'S-'P° 

786.476 

1 

•  1 

0 

127140 

1 

7 

.52.5  1 

1.46 

3.78 

0.164 

B 

inl;rp 

' 

(1  uv) 

1 

1 

1 

i 

2  1 

jpo_3p 

8.74  .S.7 

1 

[8.18/0]  j 

[2007081 

0 

0 

1 

41.8  ; 

0.4.58 

11.6 

0.62 

c  + 

1 

1  1 

i2  uv) 

1 

1 

1 

( 

8.74. 7'42 

84200 

201186] 

1 

5 

5 

71.7 

0..74.7 

4.87 

0.2:74 

c + 

ts 

j 

8.74. 7'42 

8;i473 

2(H).tl7] 

.7 

3 

10.5  1 

0.115 

0.</7 

-0.462 

c 

Is 

i 

860.462  ! 

84200 

'200417] 

5 

3 

17.1 

0.P4 

1.61 

-0.244 

c 

Is 

1 

8.77.872  ' 

8;i47.1 

1 

200000] 

.7 

1 

41.4 

0.1.52 

1.2</ 

-0..741 

c 

Is 

1 

810.241 

8.14;il 

1 

201 186] 

3 

5 

10.7 

0.102 

1.61 

-0.240 

c 

Is 

i 

8.72.18,7 

8.7071] 

1 

I 

[2(HW17] 

1  j 

3 

14.1  1 

t).4A50 

1.29 

-0.777 

c 

/.s 

;.[)_3p  j 

mji 

[274087]  ' 

[.14.5.760] 

15  j 

0 

22  ! 

0.16  ■ 

7.7 

0..79 

D 

1 

( 

1 

'  1 

<40.7  80] 

2,14087 

i 

[,745.7761 

1 

7 

5 

10 

0.16 

.7.4  1 

0.06 

D 

Is 

j 

002.8,1] 

274087 

[,74.57.50]  1 

5 

.7 

17 

0.12 

1.8  , 

-0.22 

D 

Is 

1 

<>(K).<40] 

2.14087 

[.74.5<J87] 

1 

3  i 

1 

22 

0.001 

0.81 

-0..56 

D- 

Is 

i  1 

<40.7.80] 

2,14<487 

1 

[74.5.776] 

1 

5 

7.3 

0.041 

0.61 

-0.69 

D- 

Is 

i  ! 

1 

002.8:1] 

2.14<487 

i 

( 345750 1  1 

7 

3 

5.6 

0.068 

0.61 

-0.69 

D- 

Is 

i 

<40.7.80] 

'2.14087] 

j 

[74.5.776] 

! 

5 

0.22 

0.0045 

0.041 

-1.87 

E 

Is 

4 

1 

884. 2<4 

[2;i4<487]  j 

[.148072] 

15 

.15 

21 

0.24 

11 

0..56 

D 

1 

1 

! 

88;i..74] 

[274<487] 

1 

[.748168] 

1  ^ 

i 

1  7 

10 

0.22 

4.4 

0.18 

D 

Is 

1 

884.4.7 

2.74087 

.7480.51 

5 

5 

14 

0.17 

2.5 

-0.07 

D 

Is 

i 

88.7.77 

2.74087 

.74788,7 

3 

1 

16 

0.18 

1.6 

-0.26 

D 

Is 

1 

884.4.7 

2.74087 

.7480.51 

7 

.7.2 

0.027 

0..5.5 

-0.72 

D- 

Is 

i 

88.7.77 

2.74087 

.747883 

1  •’ 

3 

5.2 

0.0.76 

0..57 

-0.74 

D- 

Is 

i 

88.1..74 

274087 

348168 

i  5  , 

7 

2.7 

0.0.78 

0.55 

-0.72 

D- 

Is 

1 

[884.4.7] 

[2.74087] 

[3-480.51 

7 

5 

3.1 

0,061 

1 

0..57 

-0.74 

D- 

Is 

5 

.4.s.4/<  —  t 

Ml. .12 

[8.18/0] 

[274087] 

i  0 

15 

64.4 

0.704 

13.8 

o 

00 

B 

1 

(3  uv) 

1 

1 

6f).'l.  1 .7.7  1 

842(H)] 

1 

274087 

;  5 

■ 

1  6.7.0 

0..5<,K) 

6.U 

0.470 

B 

Is 

6.70.8.7.7  ' 

8,74,7.7 

1 

2.74087 

'  7 

48.7 

0.520 

,7.45 

0.201 

B 

Is 

I 

6.78.262  ' 

8.7071] 

234087 

1  1 

3 

,76.2 

0.706 

1..57 

-0.151 

B 

Is 

6f).'l.  1.7.7  1 

812<H)] 

1 

234087 

5 

5 

16.0 

0.105 

1.15 

-0.280 

B 

Is 

6,70. 8,77  : 

8.74.7.7’ 

. 

2.74087' 

1  ^ 

3 

27.0 

0.176 

1.15 

-0.277 

B 

Is 

66.1.1.7.7 

[84200] 

[2.74087] 

5 

1 

1 

1.8 

0.0070 

0.077 

-1.45 

D 

Is 

(}  1 

v— V(^l’°)3(/ 

I  I 

I  I 

600.7.7 

1 

[200708] 

[,1»5.560] 

0 

! 

.50 

0..76 

7.3 

0.51 

D 

1 

1 

! 

[f)0;i..7;r 

[201186 

[74.5776’ 

5 

5 

,76 

0.26 

3.0 

0.11 

D 

Is 

1 

688.07] 

200417 

,745750 

3 

.7 

13 

0.(W0 

0,61 

■-0..57 

D 

Is 

t 

[601 .74 

201186 

.7457.50 

5 

.7 

20 

0.088 

1.0 

-0.,76 

D 

Is 

I 

[686.0,7' 

[200417 

,U.5087 

3 

1 

51 

0.12 

0.81 

-0.44 

D 

Is 

[680.8,7 

1 

[200417 

,74.5776 

.7 

5 

12 

0.15 

1.0 

-0.36 

D 

Is 

686. 1 1 

2()(KH)() 

[,745750 

1 

7 

17 

0.,76 

0.81 

-0.44 

D 

Is 

1 

670.0/ 

1 

[200708] 

[.148072] 

0 

15 

86 

O.W 

20 

0.95 

U 

1 

1 

680  ..16 

[201186 

,7-48168 

5 

7 

85 

0.8.7 

9.7 

0.62 

D 

Is 

i 

677,;i.7 

2(M)417 

.748051 

.7 

5 

65 

0.75 

5.0 

0.75 

D 

Is 

I 

[676.21 

2.(KKKK) 

74788.7 

1 

7 

48 

().</</ 

2.2 

0.(K) 

D 

Is 

1 

680.‘40 

201186 

.748051 

5 

5 

22 

0.15 

1.7 

-0.12 

D 

Is 

678.12 

2(K)417 

.74788,7 

.7 

7. 

77 

0.25 

1.7 

-0.12 

D 

Is 

1 

I 

i 

[681.68 

201 18() 

7478a7 

5 

2.3 

,  0.(M)</8 

0.11 

-  1 .71 

E 

Is 

« 

.‘Vs.'in  — 

■m.HH 

[8.18/0] 

1  [711670] 

0 

.7 

1(K) 

o.im 

1.25 

-0.06.7 

C 

2 

(4  uv) 

470.6.7 

812(K) 

.71 1670] 

5 

j  ,7 

55 

D.im 

0.65 

-0.719 

(' 

Is 

4.18. 10 

8;i.l.7.7 

,71 1670] 

.7 

1  .7 

,7:<.,7 

0.0</6 

0.415 

-  0.54 

C 

Is 

4.17.;i7 

[87071 

.711670] 

1 

1! 

11.2 

0.0</6 

0.1  ;i8 

-  1.018 

C 

Is 
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Sv 

Forbidden  Transitions 


Naqvi’s  calculations  II]  are  the  only  available  sour-e.  The  results  for  the  transitions 

are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  :>P°— i|’°  transi¬ 
tions,  Naqvi  uses  emperical  term  intervals,  i.e.,  the  effects  of  confifruration  interaction  should 
be  partially  included. 

Reference 


[1|  Naqvi,  A.  ,M.,  Thesis  n'arvard  (1951). 


Sv.  Forbidden  Transitions 


Transition 

1 

Type  of 

Accu- 

No. 

Array 

Multiple! 

X(A) 

a;, (cm  ') 

A;»)cm  ') 

n, 

fik 

Trails!- 

G,(sec  ') 

.S'(ul.ii.) 

racy 

I'OI) 

1 

353p— 3spS)3p 

3po_3po 

[27.62  X  10*1 

a3071 

[814.3.3] 

1 

3 

m 

8..S3X  10  * 

2.(K) 

B 

[13.03  X  10*] 

[a3433) 

[&4200] 

3 

5 

m 

0.00610 

2..30 

B 

2 

1 

! 

2268.0] 

1 

8.3071] 

127149 

1 

3 

m 

0.2.36 

3.06  y  10  * 

C- 

2286.8] 

1 

a34.33] 

127149 

3 

3 

m 

14.0 

0.0186 

1  <■“ 

1. 

[2.327.6] 

1 

[812001 

127149 

3 

1  _  . 

3 

m 

0.273 

•laix  10  * 

1  (‘  - 

'  " 

Svi 


Ground  State  ls*2s^2/A3s  ^Si/2 

Ionization  Potential  88.029  eV  =  710194  cm'’ 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

Nc. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

191.48 

3 

464.6.54 

V 

944,517 

1 

191.56 

3 

648.. 50 

6 

971.. 36 

12 

248.985 

2 

648.64 

6 

975.70 

12 

249.271 

2 

6.50.43 

6 

’.975.5 

11 

283.. 50 

9 

706.480 

4 

1992.5 

11 

328.51 

8 

712.682 

4 

19<>3.5 

11 

388.940 

5 

712.844 

4 

2.587.4 

10 

,390.859 

5 

9.T1..382 

1 

2618.3 

10 

The  only  source  available  for  this  ion  are  the  chartie-expansion  calculations  of  Crossley  and 
Dalgarno  [1]  which  include  limited  configuration  mixing.  Graphical  comparisons  of  this  work 
with  more  refined  values  within  the  isindectronic  sequence  indicate  accuracies  within  25  percent. 
A  number  of  additional  values  have  been  obtained  from  siudies  of  the  /-value  dependence  on 
nuclear  charge.  The  reliable  material  available  for  other  ions  of  this  isoelectronic  sequence  in 
these  cases  permits  the  deter.-nination  of  reliable  values  simply  by  graphical  interpolation. 

Reference 

[t|  (Irossley,  K.  J.  S..  and  Dalgarno,  A..  Phn',  Roy.  Soi'.,  l.ondnn  A2B6,  r>t(K5tB  (1%5). 
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Array 


/«*/(10"se(-') 

fik 

5'(at.u.) 

16.1 

0.64 

3.92 

16.3 

0.425 

2.61 

1.5.7 

0.211 

1.31 

25.6 

0.071 

0.117 

25.4 

0.0471 

0.077 

26.1 

0.0244 

0.0400 

17 

0.028 

0.035 

17 

0.018 

0.023 

17 

0.0095 

0.012 

49.1 

0.62 

8.7 

441.5 

0.55 

5.2 

41.7 

0.62 

2.90 

8.1 

0.062 

0..58 

121 

0.092 

0.71 

81 

0.093 

0.477 

40.3 

0.091 

0.234 

37 

0.14 

3.0 

33 

0.14 

1.8 

37 

0.12 

1.0 

3.7 

0.023 

0.20 

202 

0.92 

14.0 

75 

0.17 

1.8 

37 

0.062 

0..58 

3.2 

0.97 

17 

3.2 

0.65 

11 

3.2 

0.33 

5.7 

10 

1.0 

39 

9.8 

0.88 

23 

8.5 

1.0 

13 

1.7 

0.099 

2.6 

38 

0.18 

3.5 

2.5 

0.18 

2.3 

13 

0.19 

1.2 

-0.071 
-0.375  I  C 


-0.85 

-1.026  C 
-1.312  C 


0.346  C 
0.096  C 
-0.61  D 

-0.2.58  C 

-0.431  C 
-0.74  C 


•1.04  D 
0.96  C-f 


-0.40  D 


Svii 


(’.round  Stale  l.s-’2.s-2/)'* ‘So 

Ionization  Potential  28(1.99  eV  =  22()()9'X)  ein  ' 


Allowed  Transitions 

(laleulations  Ity  Kastner.  Oiiiidvar,  and  I'liderwood  |I  |,  enipioviiiii  Hartree-Foek  wavefiinetioiis 
and  including  intermediate  eouplin*;.  are  availaltle.  Sinee  the  ealeidalions  are  Itased  on  a  single  — 
configuration  approximation  only,  uneertainlies  of  up  to  50  percent  are  expected  for  liie  strong 
lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  hy  assump¬ 
tions  about  the  coupling. 

Reference 

|1|  Kastner.  S.  O..  Omidvar.  K.,  and  L'nderwoiid.  J.  H..  Aslnijihys.  J.  148,  2ft'>-27.'t  ll%7). 

S  Vll.  Allowed  Transitions 


No. 

Transition 

.Array 

Multiple! 

X(A) 

Fi(cnr')  1 

£\.(cm  ')  ! 

1 

"  ■  1 

Hi  1 

1 

Hk 

-/*dl0“.sec  ') 

fik 

.S(at.u.) 

1 

log«/' 

.Accu- 
rat  y 

.Source 

1 

2p«-2p'C^PJ,.d35 

>S-'P° 

[72.66.1] 

0 

] 

i  1 

1  137t!.220 

' 

3 

1.50 

0.0.3f) 

0.0086 

-  1.4t 

i 

i 

I 

1 

2 

2,/-2pVP?«)35 

'S-'P° 

[72.029] 

1 

0 

;  1, 38*5.30 

1 

7.30 

0.17 

O.O-K) 

-0.77  1 

!  1) 

1 

3 

2p*-2p*PPS,d3</ 

'S--'P° 

[61.. 547] 

0 

1624770 

1  > 

1  1 

.3 

26 

0.0(4.51 

9.1  X  10 

-2..3.5 

K 

1 

i  1 

4 

'S-'P° 

[60.804] 

(1 

1(4-16.30 

1 

1 

i 

84(10 

'  1 

1.1 

0.28 

0.15 

1) 

1 

.5 

2p«-2p’{^P?,d3d 

IS 

[60.161] 

0 

K>622i0 

1 

i  1 

j 

:v 

(  980 

0.16 

1 

0.032  j 

-0.80 

1) 

1 

S  viii 


(Ground  State  l.s-2.s'-’2//  -I’S^ 

Ionization  Potential  328.80  eV  =  26.52720  cm  ' 

Allowed  Transitions 

The  value  for  the  2i-2//’  -P°  — 2,'!2/>*-S  inultiplel  is  calculated  from  the  niu  leur  charge-expansion 
method  of  (’ohen  and  Dalgarno  [1].  It  may  Ik-  quite  uncertain  since  configuration  inttTaction 
effects  with  configurations  involving  the  n  =  3  shell  electrons,  which  were  not  includetl  in  this 
calculation,  may  be  significant. 

Reference 

jll  (Mihen,  M.,  anti  Dal^unin.  A..  Prnc.  Ki»y.  St«'.  A280,  2.'>8-270  (IWvt). 
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S  Vlll.  Allowed  Transitions 


\o. 

Transition 

Array 

.Mulliplel 

a(A) 

/i.'i(em  ■') 

Ekivm  ') 

Pi 

sa 

Pk 

h 

S'fat.u.) 

Ingfi/' 

Source 

I 

2s-2iy'  —  2.s2/)'’ 

mm 

xm 

.50.3.590 

6 

2 

430 

0.0% 

0..38 

-0.24 

D 

1 

0 

.503.590 

4 

2 

.320 

0.0% 

0.2.5 

-0.42 

D 

Is 

101.30 

.50.3.590 

•> 

2 

160 

0.097 

0.13 

-0.71 

D 

Is 

S  VIII 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  kmiwn. 

Reference 

III  Naiivi.  M.,  Tlif'i'  ilarvard  (1951 1. 


S  VTII.  Forbidden  Transitions 


Tcaiisilioii  j 
Array  i 

Miiiliplrl 

1 

A(  A)  i  /■.'!( cm  ') 

1 

i 

j 

0 

i 

r 

!  hXif'in  ' 

j 

)  j 

i 

1 

1  1 

1  i 

1  Pk 

Type  of 
Transi¬ 
tion 

.4ki(M‘V  ') 

.S'lat.u.) 

Accu¬ 

racy 

Source 

2/(''  —  III’’ 

(IK) 

L.  _ : 

101.30 

4 

2 

m 

18.6 

J 

1..33 

A 

1 

1  1 

Six 


(iroimd  Stale 


W2s-2i>^  ''F.. 


loni/.atioii  Potential 


378.95  eV  =  3057300  cm-' 


'^orbidden  Transitions 


.■\s  it!  the  ease  of  Na  IV  the  adopted  values  are  taken  from  Na(i\  i  1 1  j.  and  Malville  and  Berger  i21. 
For  a  diseiission  on  the  selection  oj  values  se<‘  'a  IV.  since  the  same  criteria  have  been  applieil. 

References 

|1|  \.  1  hois  Hai I ITil  1. 

Ilil  MaKillr.  J.  \1.  atitj  K.  \  .  I*hiiictai\  aiitl  Sjnkt  SririHi’  13.  Ilitl 
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S  IX.  Forbidden  Transitions 


Sx 


Ground  State  ls-2s^2p''’ ■*83/2 

Ionization  Potential  447  q,  ^  3506OOO?  cm ' ' 

Forbidden  Transitions 

T'le  line  strength  for  the  one  transition  listed  in  the  table  is  a  straight  number,  tabulated  for 
example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since  the  energy 
level  difference  is  accurately  known. 

Reference 

(1)  Naqvi,  A.  M.,  Thesis  Harvard  (1%1). 


S  X.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplel 

a(A) 

1 

Pi 

Pk 

Type  Ilf 
Transi¬ 
tion 

■t»/(sec  ') 

.S'(at.u.) 

. "I 

Accu¬ 

racy 

Souri’c 

1 

2po_spo 

[666.'50] 

[122230] 

1 

m 

0.0303 

1..33 

A 

1 
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Sxii 


Ground  State  \s^2^2p'^Viii 

Ionization  Potential  ? 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  {!].  The  transition  probability  is  not  as  accurate,  since  the  energy 
level  difference  is  not  accurately  known. 

Reference 

|1|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 


S  XII.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

filcm"') 

£t(cin^') 

Hi- 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

2p-('S)2p 

2p3—  2p<» 

(IF) 

7536 

0 

[13266] 

2 

1 

m 

21.0 

1.33 

B 

1 

157 


CHLORINE 


Cl  I 


Ground  State 


ls^2.s‘2/WV -I  M 


Ionization  Potential 


12.97  eV=  104591  ein  ' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [.4| 

No. 

Wavelength  (A) 

No. 

Wavelength  |A] 

No. 

1188.77 

3 

4475.31 

18 

7878.22 

6 

1201.36 

3 

4491.05 

15 

7899.28 

29 

1335.72 

2 

4526.20 

28 

791.5.09 

29 

1347.24 

2 

4545.3P 

17 

7924.62 

7 

1351.66 

2 

4,578.17 

17 

7935.00 

30 

1363.45 

2 

4580.47 

9 

7976.95 

29 

1373.12 

1 

4601.00 

28 

7980.58 

5 

1379.53 

1 

4623.96 

15 

7997.80 

6 

1389.69 

1 

4654.05 

25 

8084.48 

16 

1389.96 

1 

4661.22 

22 

8085.54 

16 

1396.53 

1 

4674.40 

27 

8086.67 

16 

4104.78 

22 

4677.76 

8087.67 

16 

4147.20 

22 

4691.53 

24 

8iy4.3h 

5 

4209.68 

19 

4721.24 

25 

8212.00 

5 

4226.44 

21 

4740.71 

24 

8333.29 

s 

8375.95 

5 

4264.59 

19 

4796.76 

25 

8428.25 

5 

4280.43 

18 

4818.42 

23 

8,5.50.46 

12 

4323.35 

21 

4818.64 

27 

8575.25 

5 

4337.80 

18 

4852.70 

24 

8585.96 

5 

4363.30 

19 

4976.62 

14 

8686.28 

13 

4369.52 

19 

5099.80 

14 

8948.01 

4 

4371.55 

18 

5140.35 

14 

9073.15 

11 

4379.90 

18 

72,56.63 

8 

9121.10 

4 

438V.55 

21 

7414.10 

7 

9191.67 

4 

4389.76 

18 

7537.06 

8 

9288.82 

10 

4390.38 

20 

7702.89 

29 

9393.81 

4 

4402.58 

18 

7717.57 

7 

9486.89 

4 

4403.03 

17 

7744.94 

8 

9,584.77 

4 

4438.48 

17 

7769.18 

29 

9592.20 

10 

4445.83 

18 

7771.10 

29 

96.32.37 

11 

4446.11 

17 

7821.35 

29 

9702.35 

4 

4469.37 

28 

7830.76 

29 

9875.95 

10 

Lawrence  [I]  has  carried  out  intermediate  couplin':  calculations  for  three  multiplets  in  the 
vacuum  uv  refiion  involving  the  4.s'  state.  These  values  are  normalized  via  a  lifetime  measurement 
of  this  state  by  him  (1|,  in  which  he  applied  the  phase  shift  technicjue.  Hofmann  [2|  has  measured 
oscillator  strengths  for  the  same  multiplets  using  a  wall-stabilized  arc:  his  values  for  the  '-P”  — -P 
and  ■‘I'''  — ^I)  multi|)lets  are  renormalized  to  Lawrence's  |1|  lifetime  and  the  results  averaged  with 
Lawrence's  calculated  values.  For  the  '■^P°  —  ■'P  intercombination  multiplet,  Hofmann's  renormalized 
values  are  used  exclusively  where  available:  h  r  the  other  lines.  Lawrence's  calculated  values  are 
taken. 


5n  the  visible  region,  emission  experiments  are  available.  Foster  [4|  and  Hey  [5]  employed 
vortex  and  wall-stabilized  arcs,  respectively,  while  Bengtson  [3]  used  a  conventional  shock  tube. 
Usually  there  is  good  agreement  where  the  three  experiments  overlap  and  in  these  cases  the  results 
have  been  averaged.  For  the  case  of  the  — 4p^D°  multiplet,  only  the  weaker  lines  measured 
by  Bengtson  are  chosen  since  the  stronger  lines  of  this  multiplet  seem  to  be  affected  by  self¬ 
absorption.  For  several  lines  Foster  (4|  has  made  use  of  Kiess’  intensity  data  to  obtain  absolute 
transition  probabilities;  the  accuracy  estimate  has  then  been  reduced. 

The  Coulomb  approximation  has  been  employed  for  several  multiplets  of  the  4s-4p  and  4/;-4t/ 
arrays:  it  compares  usually  quite  well  with  the  measurements,  when  theory  and  experiment  overlap. 

References 

(1|  l.awrcncf.  G.  M..  Astrophys.  J.  148,  'JI61-268  (1967). 

|2|  Hofmann.  W..  Z.  Naturforsch.  22a,  2097-2101  (1%7). 

|3|  Bengtson.  R.  D..  Thesis  Maryland  (1968)  and  to  be  published. 

|4|  Foster,  E.  W..  Proc.  Phys.  Soc.  London  A80,  882-893  (1962). 

|5|  Hey.  P.,  Z,  Physik  157,  79-88  (1959). 


Cl  I.  Allowed  Transitions 


No. 

Transition 

Array 

D 

1 

sec*') 

fi. 

log  m/ 

■ 

1 

ap''_4p 

1 

7 

1 

! 

1 

(1  uv) 

1389.69 

0 

719.54 

4 

61 

0.0023 

1.0  X  10-1 

0.0018 

-3.40 

D 

1 

1396..'i3 

881 

72484 

2 

41 

0.015 

8.8  X  10-1 

0.0081 

-2.75 

D 

2n 

1379..S3 

0 

72484 

410.11 

0.0031 

0.057 

-1.91 

D 

2n 

1 

1389.96 

881 

72823 

2 

2l 

0.017 

4.9  X  10-1 

0  0045 

-3.01 

D 

1 

1373.12 

0 

72823 

4 

2 

0.0029 

4.1  X  10-' 

7.4  X  10-1 

-3.79 

D 

2n 

2 

«po_2p 

i:m.H 

2^4 

74434 

6 

6 

4.94 

0.1.35 

3..59 

-0.092 

C-b 

1. 2m 

(2  uv) 

1347.24 

0 

74221 

4 

4 

4.19 

0.114 

2.02 

-0.341 

C-b 

1.  2n 

1,3.51.66 

881 

74861 

2 

2 

.3.23 

0.088 

0.79 

-0.75 

C-b 

1.  2m 

1,3,35.72 

0 

74861 

4 

2 

1.74 

0.023.3 

0.409 

-1.0.31 

C 

1 

1.363.45 

881 

74221 

>> 

4 

0.75 

0.0418 

0.375 

-1.078 

(]  + 

1.  2m 

3 

1 

3p»_al) 

// 9.3.0 

297 

84  IK) 

6 

10 

2.47 

0.088 

2.07 

-0.277 

c 

1.  2m 

.3/r'('I))4.t' 

1188.77 

0 

84116 

1 

6 

2..33 

0.074 

1.16 

-0.,53 

t: 

1. 2m 

1201. .36 

881 

8H17 

2 

4 

2..39 

0.103 

0.82 

-0.69 

1,  2m 

1188.77 

0 

84117 

1 

1 

0.271 

0.0057 

0.090 

-1.64 

c 

1.  2m 

) 

4p_  Ipo 

9270..i 

722  76 

H3(M)  ' 

12 

12 

0.2.3 

0.30 

no 

0.,56 

D 

nt 

3/>^("F)4/' 

(1) 

1 

91:^1,10 

719.54 

82915 

6 

6 

0.17 

0.22 

.39 

0.12 

D 

Ls 

9.39,3.81 

72484 

83127 

1 

4 

0.(ttl 

0.042 

5.1 

-0.78 

E 

/.\ 

9486.89 

7282.3 

83.3()1 

2 

2 

0.039 

0.0.52 

,3.3 

-0.98 

E 

Is 

8948.01 

719.54 

83127 

6 

4 

0.12 

0.095 

17 

-0.24 

U- 

Is 

9191,67 

72484 

8.3361 

1 

2 

0.21 

0.1.3 

16 

-0.28 

D- 

Is 

9.584.77 

72484 

82915 

4 

6 

0.066 

0,14 

17 

-0.26 

D- 

h 

9702.35 

72823 

83127 

I  2 

1 

0.(W1 

0.26 

16 

!  -0.29 

D- 

Is 

5 

4P_4D‘> 

8413.1 

722  76 

«4/.59 

12 

20 

0.27 

0.48 

ioO 

0.76 

U 

,3m.  I  ll 

(2) 

8,375.95 

71954 

8.3890 

6 

8 

0.28 

0„39 

64 

0,37 

D 

As 

8585,96 

72484 

84128 

4 

6 

0.19 

0.31 

35 

0.09 

D 

/.s 

8,575,25 

7282,3 

84481 

2 

4 

0.12 

0,27 

15 

-0.27 

D 

,3,  As 

8212.00 

71954 

81128 

6 

6 

0.079 

0,080 

1,3 

-  0.32 

I) 

H.  Is 

8,3,3,3,29 

72484 

84181 

4 

4 

0.16 

0.16 

18 

-0,19 

D 

Is 

8428.25 

7282,3 

81684 

2 

2 

0.24 

0.25 

14 

-0,30 

D 

sH.  Is 

7980.58 

71954 

81481 

6 

4 

0.016 

0.010 

1.6 

-  !  .22 

E 

Is 

8194.35 

72484 

81.584 

4 

2 

0.050 

0.025 

2.7 

-  l.(K) 

E 

•H,  Is 
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Cl  I.  Allowed  Transitions— Conftnuerf 


No. 

Transition 

Array 

X(A) 

£’i(cm'') 

£*(cm"') 

Pi 

Pk 

/4«(10“ 

see"') 

fk 

5'(at.u.) 

logs/" 

18 

<P-<D° 

4408.5 

72276 

94053 

12 

20 

0.0052 

0.91 

-1.20 

D  + 

(7) 

4389.76 

71954 

94728 

6 

8 

■  ill  II  l« 

0.43 

-1.52 

C- 

4475.31 

72484 

94823 

4 

6 

0.11 

-2.12 

D  + 

4445.83 

72823 

95309 

2 

4 

niS!S>!!lc^l 

0.040 

-2.56 

4371.55 

71954 

94823 

6 

6 

4.3  X  10-< 

0.037 

-2. .59 

D  + 

4379.90 

72484 

95309 

4 

4 

0.2b 

-1.85 

D  + 

4402.58 

72823 

95531 

2 

2 

nrSwI^I 

0.049 

-2.47 

4280.43 

71954 

95309 

6 

4 

2.9  X  10-" 

0.025 

-2.76 

4337.80 

72484 

9.5531 

4 

2 

iAiiifiji 

3.7X  10-" 

0.021 

-2.83 

19 

<P-2D° 

(o) 

4363.30 

72484 

953% 

4 

6 

0.16 

-1.94 

D  + 

4369.52 

72823 

95702 

2 

4 

0.12 

-2.10 

4264.59 

71954 

953% 

6 

6 

4.6X10-" 

0.039 

-2.56 

D  + 

4209.68 

71954 

95702 

6 

4 

7.3  X  10-" 

0.060 

-2.36 

20 

<P-'^S° 

4390.38 

72823 

95.593 

2 

2 

-2.34 

21 

4p_4S° 

4284.8 

72276 

956(« 

12 

4 

0.32 

-1.64 

(9) 

4226.44 

71954 

95608 

6 

4 

RMS 

9.8X  10-" 

0.082 

-2.23 

4323.35 

72484 

95608 

4 

4 

0.18 

-1.91 

4387.55 

72823 

95608 

2 

4 

-2.38 

22 

4p_2po 

4104.78 

71954 

%309 

6 

4 

iixiiiy-  H 

3.4  X  10-" 

-2.69 

4147.20 

72484 

%590 

4 

2 

4.9X  10-" 

-2.71 

23 

2p_4po 

4818.42 

74221 

94%9 

4 

2 

6.0  X  J0-" 

-2.57 

24 

4852.70 

74221 

94823 

4 

6 

-2.32 

ma 

74221 

4 

4 

Hiim 

-2.25 

D  + 

4691.53 

74221 

95531 

4 

2 

BXcj 

0.11 

-2.14 

2.3 

4741.6 

744  H 

95518 

6 

10 

0.0021 

0.20 

-1.90 

4721.24 

74291 

953% 

4 

6 

-2.36 

47%.  76 

7 

2 

4 

-2.58 

4654.05 

4 

4 

-2.19 

D  + 

26 

■2p_2S° 

4677.76 

74221 

4 

2 

8.9  X  10-" 

-2.45 

27 

■^P-^S" 

4674.40 

74221 

4 

4 

6.6X  10-" 

-2..58 

D  + 

4818.64 

74861 

95608 

2 

4 

0.0019 

0.042 

-2..58 

28 

2p_2p® 

744.34 

6 

6 

1.5 

(15) 

4526.20 

74221 

4 

4 

0.041 

0.75 

-1.28 

C- 

4601.00 

74861 

%590 

2 

2 

0.37 

-1.62 

4469.37 

74221 

4 

2 

0.14 

-2.02 

4661.22 

74861 

1  %309 

2 

4 

1 0.010 

0.20 

-1.89 

1  D 

Source 


3,  4,  5 

3.4, 

3, 

3, 

3, 

3. 


3,4 

3.4 
3,  4 

3.4 


3.4 

3.4 

3.  4 
3.  4 
3.4 


3.4 

3.4 
3,4 

3.  4 

3.  4 
4 

3,  4 


3.  4 


3.  4 
4 

3.  4,  .3 

3,  4.  5 
3.  4.  5 
3.  4 
3.  4 
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Cl  I. 


No. 

Transition 

Array 

Multiple! 

X(A) 

£((cni-'l 

Ei-ivny-') 

ft) 

tlk 

/lAidO" 

sec*') 

u 

.S'lat.u.) 

Source 

29 

3p'4p- 

7852.7 

83060 

95797 

12 

20 

0.10 

0.15 

48 

0.26 

D 

3,  ca 

3p<(»PHd 

7821.35 

82915 

956% 

6 

8 

0.095 

0.12 

18 

-0.14 

D 

3,  Is 

7899.28 

83127 

95782 

4 

6 

0.058 

0.082 

3.5 

-0.48 

D 

3,  Is 

7976.95 

83361 

95893 

2 

4 

0.041 

0.078 

4.1 

-0.81 

D- 

3,  Is 

7769.18 

82915 

95782 

6 

6 

C.045 

0.040 

6.2 

-0.62 

D 

3,  Is 

7830.76 

83127 

950)3 

4 

4 

0.069 

0.063 

6.5 

-0.60 

D 

3,  Is 

7915.09 

83361 

95991 

2 

2 

0.061 

0.0.58 

3.0 

-0.94 

D- 

3,  Is 

7702.89 

82915 

95893 

6 

4 

0.0054 

0.0032 

0.49 

-1.72 

E 

3,  Is 

7771.10 

83127 

95991 

4 

2 

0.024 

0.011 

1.1 

-1.36 

E 

3,  Is 

30 

7935.00 

83890 

96490 

6 

8 

0.046 

0.0.58 

9.1 

-C.46 

D 

3, 

ca,  Is 

Cl  I 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  fl).  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

(I]  Ntiqvi,  A.  M.,  I'herie  Harvard  (I9S1). 


Cl  I.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

a(A) 

A’dem') 

£»(em  ') 

fik 

Type  of 
Transi¬ 
tion 

•Li (sec  ') 

.S’lat.u.) 

Accu¬ 

racy 

Source 

1 

3p»-3p> 

[  1 1.328  X  W] 

0 

882..50 

1 

2 

m 

0.0123 

i.:i3 

A 

1 

Cl  II 

Ground  State  li*2s»2/>*3i*3/>< 

Ionization  Potential  23.80  eV  =  192000  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

1063.83 

1 

1079.08 

1 

2498.53 

57 

1068.0 

1 

2427.79 

55 

2502.75 

57 

1071.05 

1 

2430.16 

.55 

2.543.98 

56 

1071.76 

1 

2434.10 

55 

2.544.84 

.56 

1075.2 

1 

24%.  04 

.57 

2545.5 

.56 
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List  of  tabulated  lines— Continued 


Wavelength  [A] 

No. 

Wavelength  [A| 

No. 

Wavelength  [A] 

No. 

2546.94 

.56 

3860.80 

30 

4544.48 

11 

2.547.76 

.56 

3860.98 

30 

4.569.42 

47 

2549.85 

.56 

3861.40 

30 

4572.13 

47 

2666.46 

58 

3861.95 

45 

4739.42 

8 

2667.36 

.58 

3862.6 

45 

4740.40 

14 

2906.25 

33 

3864.60 

45 

4755.64 

8 

3022.93 

32 

3865.2 

45 

4765.30 

8 

3147.86 

5 

3868.62 

45 

4768.68 

26 

3161.44 

6 

3883.80 

48 

4771.09 

26 

317.5.9 

36 

3904.0 

37 

4771.66 

28 

3176.3 

36 

3906.9 

37 

4778.93 

26 

3182.3 

36 

3913.92 

37 

4781.32 

26 

3182.7 

36 

3916.70 

37 

4781.82 

8 

3188.4 

36 

3917.57 

37 

4785.44 

26 

3189.04 

36 

3929.0 

37 

4794.54 

17 

3231.75 

40 

3929.7 

37 

4797.1 

26 

3306.45 

31 

3954.21 

44 

4798.40 

8 

3307.90 

31 

3990.19 

41 

4810.06 

17 

3308.7 

31 

39%.3 

41 

4811.57 

52  ■ 

3315.44 

31 

4001.9 

41 

4819.46 

17 

3316.86 

31 

4020.06 

41 

4819.79 

8 

3329.12 

31 

4026.7 

41 

4822.3 

52 

3505.44 

35 

4036.53 

41 

4827.0 

52 

3508.94 

35 

4124.00 

49 

4836.79 

8 

3509.39 

35 

4130.86 

49 

4a57.94 

52 

3513.22 

35 

4131.4 

49 

4863.1 

52 

3513.69 

35 

4132.48 

24 

4879.0 

52 

3.522.14 

35 

4133.66 

49 

4893.1 

7 

3526.13 

35 

4135.5 

49 

48%.77 

20 

3568.04 

43 

4147.09 

4^ 

4900.3 

25 

3.576.00 

43 

4155.2 

49 

4904.76 

20 

3.587.78 

43 

4ia5.61 

27 

4907.17 

25 

35%.9 

43 

4188.82 

27 

4914.32 

20 

3,597.3 

38 

4191.59 

27 

4917.72 

20 

3601.4 

38 

419.5.11 

27 

4922.14 

20 

3603.72 

43 

4204.54 

27 

4924.28 

7 

3604.51 

43 

4208.03 

27 

4924.83 

25 

3605.9 

58 

4215.0 

54 

4925.17 

7 

3606,6 

38 

4223.0 

54 

4933.2 

20 

3610.8 

38 

4224.92 

54 

4936.99 

7 

3615.09 

38 

4228.7 

54 

4943.24 

10 

3618  88 

42 

4234.09 

46 

4970.12 

7 

3639.19 

42 

4234.8 

54 

4995.52 

7 

3648.07 

42 

4235.49 

51 

5068.10 

19 

3731.23 

39 

4235.49 

54 

5078.25 

19 

3798.80 

34 

4241.38 

46 

5098.34 

19 

3805.24 

34 

4251.3 

50 

5099.30 

19 

3809.51 

.34 

4253.51 

46 

5103.04 

19 

3810.10 

34 

4258.8 

.50 

5104.08 

19 

3818.40 

34 

4261.22 

50 

5113.36 

19 

3829.27 

4 

4264.4 

50 

5175.a5 

13 

3830.8 

34 

4270.61 

50 

5217.93 

18 

3843.26 

12 

4276.51 

.50 

5221.34 

18 

3845.42 

30 

4291.76 

21 

5392.12 

23 

3845.69 

30 

4304.07 

21 

5423.25 

2 

3845.84 

30 

4307.42 

21 

5423.52 

2 

3850.97 

30 

4334.1 

21 

542t.36 

2 

3851.38 

30 

4336.26 

2! 

5443.42 

2 

3851.69 

30 

4313.62 

21 

5444.25 

2 

3854.75 

45 

43V9.14 

29 

5444.99 

2 
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List  of  tabulated  Wues— Continued 


Wavelength  (A] 

1 

No.  1 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

5456.27 

6759.42 

15 

8360.63 

3 

5457.02 

6841.86 

15 

8364.0 

3 

5457.47 

6850.21 

15 

8385.0 

3 

5568.81 

53 

6924.2 

15 

8385.7 

3 

5634.83 

6932.4 

15 

8394.2 

3 

6094.65 

6952.13 

15 

6399.41 

mm 

8355.6 

3 

_ 1 

Lawrence  [1]  has  accurately  measured  the  lifetime  of  the  lirst  excited  state  with  the  delayed- 
coincidence  method.  Using  L5-coupling,  we  have  derived  the  /-values  for  all  components  of  the 
resonance  multiplet.  Foster  [3]  and  Hey  [4]  have  measured  some  /-values  with  vortex  and  wall- 
stabilized  arcs  respectively,  while  Bengtson  [2]  has  performed  emission  intensity  measurements 
with  a  conventional  shock  tube.  When  their  measurements  and  the  Coulomb  approximation  overlap, 
the  lidividual  deviations  from  the  adopted  averages  are  within  25  percent. 

For  numerous  other  transitions,  including  those  involving  shell-equivalent  electrons,  the 
Coulomb  approximation  has  been  employed  in  order  to  have  data  available  for  some  of  the  more 
prominent  lines  in  this  spectrum.  From  the  gen<  ral  success  of  this  method  and  from  comparisons 
with  analogous  transitions  in  other  ions,  uncertainties  of  50  percent  are  normally  expected.  B,.ng- 
tson  [2]  has  measured  one  multiplet  involving  shell-equivalent  electrons  for  which  the  Coulomb 
approximation  was  calculated  (3p^3d^D°— 3p^4p^P)  and  the  results  are  almost  identical.  However, 
this  close  agreement  could  be  accidental  and  the  uncertainties  should  in  general  be  somewhat 
larger  for  transitions  involving  shell-equivalent  electrons. 

References 

(1]  Lawrence,  C.  M.,  private  communication  (1968)  and  to  be  published. 

(2]  Bengtson,  R.  D.,  Thesis  Maryland  (1963)  and  to  be  published. 

[3]  Foster,  E.  W.,  Proc.  Phys.  Soc.  Loudon  ABO,  882-893  (19^2). 

[4]  Hey.  P..  Z.  Physik  157,  79-88  (1959). 


Cl  II.  Allowed  Transitions 


No. 

Transition 

.Array 

Multiplet 

A(A) 

EKcrn*') 

£*(cm-') 

gk 

1 _ 

/IsidO" 

sec"') 

/* 

S(at.u.) 

Source 

1 

34*3p<-3s3p‘ 

sp_sp» 

343 

9J685 

9 

D 

1.12 

0.0193 

0.61 

1 

(1  uv) 

M 

1071.05 

93367 

5 

D 

0.0144 

0.254 

-1.143 

C 

Is 

1071.76 

697 

93999 

3 

Ki 

0.051 

-1.84 

c 

Is 

1063.83 

93999 

5 

0.085 

-1.62 

c 

Is 

697 

94333 

3 

n 

1.13 

0.068 

-1.72 

c 

Is 

697 

93367 

3 

5 

0.085 

-1.62 

c 

Is 

[1075.2] 

996 

93999 

1 

3 

0.0192 

0.068 

-1.72 

c 

Is 

2 

ofSd- 

»D°-*P 

S438J 

128686 

25 

15 

0.065 

29 

2 

3p*(<S°Hp 

(2) 

5423.25 

110296 

9 

7 

0.062 

9.9 

-0.26 

2.1s 

5443.42 

128663 

7 

5 

1  0.15 

0.047 

-0.48 

D 

2,  Is 

5456.27 

128622 

5 

3 

0.022 

-0.95 

D 

Is 

5423.52 

128730 

7 

7 

0.016 

-0.95 

IBtH 

2.  Is 

5444.25 

128663 

5 

5 

0.047 

4.2 

-0.63 

D 

2.  Is 

5457.02 

110302 

128622 

3 

3 

0.048 

2.6 

-0.84 

D 

Is 

5424.36 

110300 

5 

7 

-1.76 

E 

2.1s 

5444.99 

128663 

3 

5 

1.1 

-1.23 

2.1s 

5457.47 

123622 

1 

3 

1  0.064 

1.2 

-1.19 

Kfl 

Is 
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No. 

Tra^isition 

Array 

Muitipiet 

x(A) 

EAcm-') 

£*(cni-') 

gi 

ft 

^*((10* 

sec"') 

ftn 

S(at.u.) 

log/s/" 

Accu¬ 

racy 

flource 

3 

30“ -sp 

8368.2 

119813 

131763 

15 

9 

0.13 

0.082 

34 

0.09 

E 

ca 

(5) 

a360.63 

119810 

131767 

7 

5 

0.11 

0.081 

16 

-0.25 

E 

Is 

8364.0 

119799 

131755 

5 

3 

0.096 

0.060 

8.3 

-0.52 

E 

Is 

8385.0 

119842 

13)768 

3 

1 

0.13 

0.045 

3.7 

-0.87 

E 

Is 

8355.6 

119799 

131767 

5 

5 

0.019 

0.020 

2.8 

-0.99 

E 

Is 

8394.2 

’.19842 

131755 

3 

3 

0.032 

0.034 

2.8 

-0.99 

E 

Is 

8385.7 

1 

119842 

131767 

3 

5 

0.0013 

0.0022 

0.19 

-2.17 

E 

Is 

4 

3p33rf'- 

'D'-'F 

3829.27 

121499 

147606 

5 

7 

0.0095 

0.0029 

0.19 

-1  83 

E 

ca 

3p3C^D°)4.o' 

(9) 

5 

'D°-'D 

3147.86 

121499 

153257 

5 

5 

0.14 

0.02! 

1.1 

-0.98 

E 

ca 

(10) 

6 

ip_iD 

3161.44 

121635 

153257 

7 

5 

0.23 

0.024 

1.8 

-0.77 

E 

ca 

(11) 

7 

3P_3D 

4970.2 

126276 

146396 

21 

15 

0.14 

0.038 

13 

-0.10 

E 

ca 

(12) 

4995.52 

126457 

146469 

9 

7 

0.13 

0.039 

5.7 

-0.46 

E 

Is 

4970.12 

126219 

146334 

7 

5 

0.13 

0.034 

3.9 

-0.62 

E 

Is 

4925.17 

126032 

146330 

5 

3 

0.15 

0.032 

2.6 

-0.80 

E 

Is 

4936.99 

126219 

146469 

7 

7 

0.012 

0.0042 

0.48 

-1.53 

E 

Is 

4924.28 

126032 

146334 

5 

5 

0.016 

0.0059 

0.48 

-1.53 

E 

Is 

[4893.1] 

126032 

5 

7 

3.3  X  10-< 

1.7X10-' 

0.014 

-3.08 

E 

Is 

8 

3p_.3ir 

4792.9 

126276 

147140 

21 

21 

0.056 

0.019 

6.4 

-0.39 

E 

ca 

(13) 

4819.79 

126457 

147198 

9 

9 

0.051 

0.018 

2.6 

-0.79 

E 

Is 

4781.82 

126219 

147126 

7 

7 

0.047 

0.016 

1.8 

-0.95 

E 

Is 

4755.64 

126032 

147054 

5 

5 

0.050 

0.017 

1.3 

-1.07 

fj 

Is 

4836.79 

126457 

147126 

9 

7 

0.0044 

0.0012 

0.17 

-1.96 

E 

Is 

4798.40 

126219 

147054 

7 

5 

0.0062 

0.0015 

0.17 

-1.97 

E 

Is 

4765.30 

126219 

147198 

a* 

9 

0.i>035 

0.0015 

0.17 

-1.97 

E 

Is 

4739.42 

126032 

147126 

5 

7 

0.0045 

0.0021 

0.16 

-1.98 

E 

Is 

9 

lp_lp 

5634.83 

127727 

145469 

3 

3 

0.095 

0.045 

2.5 

-0.87 

E 

ca 

;23) 

10 

3p*3d"- 

>P-'D 

4943.24 

139350 

159574 

3 

5 

0.0028 

0.0017 

0.083 

-2.29 

E 

ca 

3p='(*P“)4p" 

(47) 

11 

ip_ip 

4544.48 

139350 

161348 

3 

3 

0.082 

0.025 

1.1 

-1.12 

E 

ca 

(48) 

12 

'P-'S 

3843.26 

139350 

165362 

3 

1 

0.42 

0.031 

1.2 

-1.03 

E 

ca 

(49) 

13 

5175.85 

140259 

159574 

5 

5 

0.039 

0.016 

1.3 

-1.10 

E 

ca 

(50) 

14 

'D°-'P 

4740.40 

140259 

161348 

5 

3 

0.24 

0.048 

3.7 

-0.62 

E 

ca 

(51) 

15 

3P_3D 

6835.7 

144139 

158768 

21 

15 

0.14 

0.070 

33 

0.17 

E 

ca 

(54) 

6759.42 

143996 

158786 

9 

7 

0.13 

0.069 

14 

-0.20 

E 

Is 

6850.21 

144175 

158769 

7 

5 

0.12 

0.062 

9.7 

-0.36 

E 

Is 

6952.13 

144344 

158724 

5 

3 

0.13 

0.058 

6.7 

-0.53 

E 

Is 

6841.86 

144175 

158786 

7 

7 

0.011 

0.0077 

1.2 

-1.27 

E 

Is 

[6932.4] 

144344 

158769 

5 

5 

0.015 

0.011 

1.2 

-1.27 

E 

Is 

[6924.2] 

144344 

158786 

5 

7 

3.1  X  10-< 

3.lX10-« 

0.035 

-2.81 

E 

Is 

16 

3p_3p 

(50) 

6399.41 

146043 

161635 

5 

5 

0.04ft 

1  0.024 

2.6 

-0.91 

E 

ca.  Is 

165 


Cl  11.  Allowed  Transitions —Contmued 


No. 

Transition 

Multiplel 

X(.4) 

£((cm'') 

£*r(cm-') 

gi 

gk 

^w(10“ 

fik 

S(at.u.) 

Ions/" 

Accu- 

Source 

Array 

se(  ■') 

rac7 

17 

3p=‘4j- 

JS»_»p 

4806.1 

107879 

128686 

5 

15 

i.l4 

1.19 

94 

0.77 

c 

2.3. 

(1) 

4794.54 

107879 

128730 

5 

7 

1.18 

0.57 

44.9 

0.455 

c 

4.  ca 
2.3.4. 

CO.  Is 

4810.06 

107879 

128663 

5 

5 

1.13 

0.392 

31.0 

0.292 

c 

2.3, 

CO,  Is 

4819.46 

107879 

128622 

5 

3 

l.M 

0.232 

18.4 

0.064 

c 

2.  .3, 

CO.  Is 

18 

3S®— 

5220.6 

112608 

131763 

3 

9 

0.77 

0.94 

48.7 

0.450 

c 

2, 3, CO 

(3) 

5217.93 

j 

112608 

131767 

3 

5 

0.77 

()..52 

27.0 

0.19.) 

c 

Is 

5221.34 

112608 

131755 

3 

3 

0.77 

0.315 

16.2 

-0.025 

c 

Is 

5217.93 

112608 

131768 

3 

1 

0.77 

0.11 

5.4 

-()..50 

D 

Is 

19 

3pa4i'- 

3D“-“D 

5092.2 

126753 

146396 

15 

15 

0.86 

0.33 

84 

0.70 

D 

ca 

3p»(‘D'')4p' 

(16) 

.5078-25 

126783 

146469 

7 

7 

0.77 

0.30 

35 

0..32 

D 

Is 

5103.04 

126743 

146334 

5 

5 

0.59 

0.23 

19 

0.06 

D 

Is 

5099.30 

126725 

146330 

3 

3 

0.64 

0.25 

13 

-0.12 

D 

Is 

5113.36 

126783 

146334 

7 

5 

0.13 

0.037 

4.4 

-0.59 

D- 

Is 

5104.08 

126743 

146330 

5 

3 

0.21 

0.0.50 

4.2 

-0.60 

D- 

Is 

5068.10 

126743 

146469 

5 

7 

0.097 

0.052 

4.4 

-0.58 

D- 

Is 

5098.34 

126725 

146334 

3 

5 

0.13 

0.084 

4.2 

-0.60 

D- 

Is 

20 

3D«_3p 

4906.3 

126758 

147140 

15 

21 

0.90 

0.45 

no 

0.83 

D 

2,  ca 

(17) 

4896.77 

126783 

147198 

7 

9 

0.88 

0.41 

46 

0.46 

D 

\  2,  ca, 
/s 
Is 

4904.76 

126743 

147126 

5 

7 

0.81 

0.41 

3j 

0.31 

D 

4917.72 

126725 

147054 

3 

5 

0.75 

0.45 

22 

0.!3 

D 

Is 

4914.32 

126783 

147126 

7 

7 

0.10 

0.036 

4.1 

-0.60 

D- 

Is 

4922.14 

126743 

147054 

5 

5 

0.14 

0.051 

4.1 

-0.59 

D- 

Is 

[4933.2] 

126783 

147054 

7 

5 

0.0041 

0.0011 

0.12 

-2.11 

E 

Is 

21 

a[)o_3p 

4326.0 

126758 

149874 

15 

9 

1.0 

0.17 

36 

0.41 

D 

2,  ca 

(19) 

4343.62 

126783 

149798 

7 

5 

0.84 

0.17 

17 

0.08 

D 

i 

2,  ca, 

Ls 

4307.42 

126743 

149952 

5 

3 

0.76 

0.13 

9.0 

-0.19 

D- 

Is 

4291.76 

126725 

150019 

3 

1 

10 

0.094 

4.0 

-0.55 

D- 

Is 

4336.26 

126743 

149798 

5 

5 

0.15 

0.042 

3.0 

-0.68 

D- 

Is 

4304.07 

126725 

149952 

3 

3 

0.25 

0.071 

3.0 

-0.67 

D- 

Is 

[4334.1] 

126725 

149798 

3 

5 

0,010 

0.0047 

0.20 

-1.85 

E 

Is 

22 

ID"-'? 

6094.65 

129065 

145469 

5 

3 

0..53 

0.18 

18 

-0.05 

D 

ca 

(26) 

23 

'D'-'F 

.'.392.12 

129065 

147606 

5 

7 

0.89 

0.54 

48 

0.43 

D 

2,  CO 

(28) 

24 

'D'-'D 

4132.48 

129065 

1.53257 

5 

5 

1.6 

0.41 

28 

0..32 

U 

ca 

(29) 

25 

3p34i"- 

3po_3S 

4917.4 

I378^n 

158177 

9 

3 

0.97 

0.11 

17 

0.02 

D 

ca 

3p3(«P'’)4p’' 

(39) 

4924.83 

137878 

158177 

5 

3 

0.52 

0.11 

9.2 

-0.25 

D 

Is 

4907.17 

137804 

158177 

3 

3 

0.32 

0.11 

5.5 

-0.47 

D 

Is 

[4900.3] 

137770 

158177 

1 

3 

0.11 

0.11 

1.8 

-0.94 

D 

Is 

26 

3pO_3[) 

4778.5 

137841 

158768 

9 

15 

1.0 

0.59 

83 

0.72 

D 

ca 

(40) 

4781.32 

137878 

158786 

5 

7 

1.0 

0.49 

39 

0..39 

D 

Is 

4768.68 

137804 

158769 

3 

5 

0.77 

0.44 

21 

0.12 

D 

Is 

4771.09 

137770 

158724 

1 

3 

0.57 

0.58 

9.2 

-0.23 

D- 

Is 

4785.44 

137878 

158769 

5 

5 

0.26 

0.088 

6.9 

-0.36 

D- 

Is 

4778.93 

137804 

158724 

3 

3 

0.43 

0.15 

6.9 

-0.36 

D- 

Is 

[4797.1] 

137878 

158724 

5 

3 

0.028 

0.0058 

0.46 

-1.54 

E 

Is 

166 


ClJl.  Allowed  Transitions— Confmucd 


No. 

Transition 

Array 

Ei(cm~') 

i 

/<*i(10" 

sec') 

fk 

S(at.u.) 

Accu¬ 

racy 

Source 

27 

Jlpo_.'»p 

4200.8 

137841 

161646 

9 

9 

1.5 

0.39 

49 

0.55 

D 

ca 

(43) 

4208.03 

137878 

161635 

5 

5 

1.1 

0.29 

20 

0.17 

D 

Is 

4191.59 

137804 

161655 

3 

3 

0,37 

0.098 

4.1 

-0.53 

D- 

Is 

4204.54 

137878 

161655 

5 

3 

0.62 

0.098 

6.8 

-0.31 

D- 

Is 

4188.82 

13/804 

161671 

3 

1 

1.5 

0.13 

5.4 

-0.41 

D- 

Is 

4195.11 

137804 

161635 

3 

5 

0.37 

0.16 

6.8 

-0.31 

D- 

Is 

4185.61 

137770 

161655 

1 

3 

0.50 

0.39 

5.4 

-0.41 

D- 

Is 

28 

'P°_'D 

4771.66 

138623 

159574 

3 

5 

1.0 

0.59 

28 

0.25 

D 

ca 

(45) 

29 

ipo_lp 

4399.14 

K’862.3 

161348 

3 

3 

1.3 

0.38 

17 

0.06 

D 

ca 

(46) 

30 

.3p»4p- 

SP-SD° 

3855.6 

128686 

154622 

15 

25 

2.7 

1.0 

190 

1.18 

D 

ca 

3p»(«S°)4rf 

(25) 

3860.80 

128730 

154624 

7 

9 

2.7 

0.77 

68 

0.73 

D 

Is 

3850.97 

128663 

154623 

5 

7 

1.8 

0.56 

35 

0.45 

D 

Is 

3845.42 

128622 

154620 

3 

5 

0.94 

0.35 

13 

0.02 

n 

Is 

3860.98 

128730 

154623 

7 

7 

0.89 

0.20 

18 

0.14 

D 

Is 

3851.38 

128663 

154620 

5 

5 

1.6 

0.35 

22 

0.24 

D 

Is 

3845.69 

128622 

154618 

3 

3 

2.0 

0.45 

17 

0.13 

D 

Is 

3861.40 

128730 

154620 

7 

5 

0.18 

0.028 

2.5 

-0.70 

D- 

Is 

3851.69 

128663 

154618 

5 

3 

0.67 

0.090 

.5.7 

-0.35 

D- 

Is 

3845.84 

128622 

154617 

3 

1 

2.7 

0.20 

7.6 

-0.22 

D- 

Is 

31 

3p_3D® 

3321.2 

131763 

161873 

9 

15 

1.4 

0.40 

39 

0..55 

D 

ra 

(37) 

3329.12 

131767 

161797 

5 

7 

1.5 

0.34 

19 

0.23 

D 

1. 

3315.44 

131755 

161908 

3 

5 

1.1 

0.29 

9.6 

-0.05 

D 

Is 

3307.90 

131768 

161990 

1 

3 

0.78 

0.38 

4.2 

-0.42 

D- 

Is 

3316  86 

131767 

161908 

5 

5 

0.36 

0.059 

3.2 

-0.53 

D- 

u 

3306.45 

131755 

161990 

3 

3 

0.58 

0.095 

3.1 

-0.54 

D- 

Is 

[3308.7] 

131767 

161990 

5 

3 

0.039 

0.003B 

0.21 

-1.72 

E 

Is 

32 

.3p^4p'- 

iP-'D” 

3022.93 

14.5469 

17a539 

3 

5 

0.60 

0.14 

4.1 

-0.38 

D 

ca 

3p»(^D°)4</' 

(57) 

33 

|p_  Ip^ 

2906.25 

145469 

179867 

.3 

3 

0.86 

0.11 

3  1 

-0.48 

D 

ca 

(14  uv) 

34 

3[)_3po 

3805.9 

146.396 

172671 

15 

21 

1.8 

0.53 

100 

0.90 

D 

ca 

(62) 

3805.24 

146469 

172741 

7 

9 

1.8 

0.51 

44 

0.55 

D 

Is 

3798.80 

146334 

1726.50 

5 

7 

1.6 

0.49 

31 

0,39 

D 

Is 

.3809.51 

146330 

172573 

3 

5 

1.5 

0.55 

21 

0.22 

D 

Is 

3818.4'! 

146469 

172650 

7 

7 

0.20 

0.044 

3.9 

-0.51 

D- 

Is 

3810.10 

146334 

17257.3 

5 

5 

0.28 

0.062 

3.9 

-0.51 

D- 

Is 

[.3830.8] 

146469 

172.57.3 

7 

5 

0.0080 

0.0013 

0.11 

-2.05 

E 

h 

3,3 

3517.0 

146.396 

174829 

15 

15 

1.6 

0.29 

51 

0.64 

D 

ca 

(64) 

3.522.14 

146469 

174a53 

7 

7 

1.4 

0.26 

21 

0.26 

D 

Is 

.3.509.39 

146334 

174821 

5 

5 

1.1 

0.20 

12 

0.00 

D 

Is 

.3513.22 

146.330 

174786 

.3 

3 

1.2 

0.22 

7.6 

-0,18 

D 

Is 

.3526.13 

146469 

174821 

7 

5 

0.24 

0.032 

2.6 

-0.64 

D- 

Is 

.3513.69 

146334 

174786 

Ty 

3 

0.39 

0.044 

2.5 

-0.66 

D- 

Is 

3.505.44 

146334 

174853 

5 

7 

0.17 

0.045 

2.6 

-0.65 

D- 

Is 

,3.508.94 

146.3.30 

174821 

3 

5 

0.24 

0.072 

2.5 

-0.66 

D- 

Is 

.36 

nl)_apo 

3186.1 

146:396 

177782 

15 

9 

0.38 

0.034 

.5.4 

-0.29 

D 

ca 

(65) 

3189.04 

146469 

177817 

7 

5 

0.19 

0.020 

1.5 

-0.85 

D 

Is 

3182.7 

146334 

177754 

5 

3 

0.39 

0,035 

1.8 

-0.76 

D 

15 

.3188.4 

146.330 

177694 

.3 

1 

0.52 

0.026 

0.83 

-1.10 

D- 

Is 

3i76..3 

146334 

177817 

5 

5 

0.076 

0.011 

0.60 

-1.24 

D- 

Is 

3182.3 

146.3.30 

1777.54 

.3 

3 

0.13 

0.020 

0.61 

-1.23 

D- 

Is 

.317.5.9] 

146.3,30 

177817 

3 

5 

0.0051 

0.0013 

0.040 

-2.42 

E 

Is 

167 


I 


Cl  II.  Allowed  Transitions— ConUnueti 


No. 

Trsnsition 

Array 

Multiplet 

A(A) 

£((cm"') 

£*(cm*') 

Ml 

Mk 

sec"') 

flk 

5iat.u.) 

I'lg*/' 

37 

3F  — 

3916.8 

147140 

172671 

21 

21 

0.88 

0.20 

55 

0.63 

(68) 

3913.92 

147198 

172741 

9 

9 

0.82 

0.19 

22 

0.23 

3916.70 

147126 

172650 

7 

7 

0.74 

0.17 

15 

0.07 

3917.57 

147054 

17:*.573 

5 

5 

0.78 

0.18 

12 

-0,05 

3929.0 

147198 

172650 

9 

7 

0.70 

0.13 

1.5 

-0.95 

3929.7' 

147126 

172573 

7 

5 

0.097 

0.016 

1.5 

-0.95 

3904.0' 

147126 

172741 

7 

9 

0.055 

0.016 

1.4 

-0.95 

[3906.9 

147054 

172650 

5 

7 

0.070 

0.022 

1.4 

-0.95 

38 

3F— ’D® 

361 1. 5 

I47I40 

174829 

21 

15 

0.17 

0.024 

6.1 

-0.29 

(70) 

3615.09 

147198 

174853 

9 

7 

0.16 

0.025 

2.6 

-0.66 

3610.8 

147126 

174821 

7 

5 

0.16 

0.022 

1.8 

-0.82 

3605.9 

147054 

174786 

5 

3 

0.18 

0.021 

1.2 

-0.99 

3606.6 

147126 

174853 

7 

7 

0.014 

0.0027 

0.23 

-1.72 

3601.4 

147054 

174821 

5 

5 

0.020 

0.0038 

0.23 

-1.72 

[3597.3] 

147054 

174853 

5 

7 

4.0xl0-< 

l.lxlO-« 

0.0064 

-3.27 

39 

ip-ip 

3781.23 

147606 

174045 

4 

7 

0.87 

0.19 

16 

0.12 

(72) 

40 

'F-'D* 

3231.75  ! 

147606 

178539 

7 

5 

0.12 

0.014 

1.0 

-1.02 

(73) 

41 

3p_3D« 

4007.2 

149874 

174829 

9 

15 

0.82 

0.33 

39 

0.47 

(76) 

3990.19 

149798 

174853 

5 

7 

0.84 

0.28 

18 

0.15 

4020.06 

149952 

174821 

3 

5 

0.62 

0.25 

10 

-0.12 

4036.53 

150019 

174786 

1 

3 

0.46 

0.34 

4.5 

-0.47 

3996.3 

149798 

174^1 

5 

5 

0.21 

0.050 

3.3 

-0.60 

4026.7 

149952 

174786 

3 

3 

0.35 

0.084 

3.3 

-0.60 

[4001.9] 

149798 

174786 

5 

3 

0.023 

0.0033 

0.22 

-1.78 

42 

3p  — 3go 

3629.9 

149874 

177423 

9 

3 

2.1 

0.14 

15 

0.10 

(77) 

3618.88 

177423 

5 

3 

1.2 

0.14 

8.5 

-0.15 

3639.19 

■  ■2231 

177423 

3 

3 

0.72 

0.14 

5.2 

-0.37 

3648.07 

■  Ml 

1774.'»3 

1 

3 

0.24 

0.14 

1.7 

-0.84 

43 

3p_3po 

3583.2 

149874 

177782 

9 

9 

1.6 

0.30 

32 

0.43 

(78) 

3568.04 

149798 

177817 

5 

5 

1.2 

0.22 

13 

0  05 

f3596.9] 

149952 

17,7754 

3 

3 

0.39 

0.076 

2.7 

-0.64 

3576.00 

149798 

177754 

5 

3 

0.66 

0.075 

4.4 

-0.42 

3603.72 

177694 

3 

1 

1.6 

0.10 

3.7 

-0.51 

3587.78 

177817 

3 

5 

0.39 

0.13 

4.5 

-0.42 

3604.51 

177754 

1 

3 

0.52 

0.31 

3.6 

-0.51 

44 

'D-'D” 

3954.21 

153257 

178539 

5 

5 

1.1 

0.26 

17 

0.11 

(82) 

45 

3p»V- 

3864.6 

158768 

184644 

15 

21 

2.7 

0.84 

160 

1.10 

3p»(*PW' 

(84) 

3868.62 

158786 

184628 

7 

9 

2.7 

0.77 

68 

0.73 

3861.95 

158769 

184655 

5 

7 

2.4 

0.74 

47 

0.57 

3854.75 

158724 

184658 

3 

5 

2.2 

0.83 

32 

0.40 

3864.60 

158786 

184655 

7 

7 

0.30 

0.066 

5.9 

-0.33 

[3862.6 

1 

158769 

184658 

5 

5 

0.41 

0.092 

5.9 

-0.33 

[3865.2 

158786 

184658 

7 

5 

0.012 

0.0019 

0.17 

-1.88 

46 

3p’4p- 

sp_5S<> 

4246.8 

128686 

152233 

15 

5 

1.8 

0.16 

34 

0.39 

3p»(*S")5j 

(24) 

4253.51 

128730 

152233 

7 

5 

0.84 

0.16 

16 

0.06 

4241.38 

152233 

5 

5 

O.CO 

0.16 

11 

-C,09 

4234.09 

1  128622 

152233 

3 

5 

0.36 

0.i6 

6.8 

-0.31 
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Nn. 

Transition 

Array 

Mulliplel 

x(A) 

tTiicm"') 

.Hi 

Hk 

^«(10" 

see"') 

hk 

,S(at.u.) 

i»g  a/' 

Accu 

racy 

Sou '•CL* 

47 

3p_3SO 

4571.5 

131763 

153633 

9 

3 

1.6 

0.17 

23 

0.18 

D 

CQ 

(35) 

4572.13 

131767 

153633 

5 

3 

0.92 

0.17 

13 

-0.06 

D 

Is 

4569.42 

131755 

153633 

3 

3 

0.55 

0.17 

7.8 

-0.29 

D 

is 

4572.13 

131768 

153633 

1 

3 

0.18 

0.17 

2.6 

-0.76 

D 

Is 

48 

3p34p’  _ 

ip-'D® 

3883.80 

145469 

171209 

3 

5 

0.33 

0.13 

4.3 

-0.42 

D 

ca 

3p»(*D'>)5s' 

(55) 

49 

4140.1 

1463% 

170550 

15 

15 

0.59 

0.15 

31 

0.36 

D 

ca 

(60) 

4147.09 

146469 

170576 

7 

7 

0.53 

0.14 

13 

-0.02 

D 

Is 

4130.86 

146334 

170535 

5 

5 

0.41 

0.11 

7.2 

-0.28 

D 

Is 

4133.66 

146330 

170515 

3 

3 

0.45 

0.11 

4.7 

-0.47 

D 

Is 

[4155.2 

146469 

170535 

7 

5 

0.092 

0.017 

1.6 

-0.92 

D- 

Is 

4135.5' 

146334 

170515 

5 

3 

0.15 

0.023 

1  (• 

-0.94 

D- 

is 

4124.00 

146334 

170576 

5 

7 

0.066 

0.023 

1.6 

-0.93 

D- 

is 

[4131.4] 

146.330 

170535 

3 

5 

0.089 

0.038 

1.5 

-0.94 

D- 

is 

50 

aF-’D" 

4271.7 

147140 

170550 

21 

15 

0.83 

0.16 

48 

0.53 

D 

ca 

(66) 

4276.51 

147198 

170576 

9 

7 

0.76 

0.16 

21 

0.16 

D 

is 

4270.61 

147126 

170535 

7 

5 

0.74 

0.14 

14 

0.00 

D 

is 

4261.22 

147054 

170515 

5 

3 

0.83 

0.14 

9.5 

-0.17 

D 

Is 

4264.4 

147126 

170576 

7 

7 

0.066 

0.018 

1.8 

-0.90 

D- 

b 

4258.8' 

147054 

170535 

5 

5 

0.092 

0.025 

1.8 

-0.90 

D- 

is 

[4251.3J 

147054 

170576 

5 

7 

0.0019 

7.1  X  10-< 

0.050 

-2.45 

E 

is 

51 

'F-'D" 

4235.49 

147606 

171209 

7 

5 

0.80 

0.15 

15 

0.03 

D 

ca 

(71) 

52 

ap— 3D® 

4836.5 

149874 

170550 

9 

15 

0.33 

0.20 

28 

0.25 

D 

ca 

(74) 

4811.57 

149798 

170576 

5 

7 

0.34 

0.17 

13 

-0.08 

D 

is 

4857.04 

149952 

170535 

3 

5 

0.25 

0.15 

7.2 

-0.35 

D 

is 

4879.0 

150019 

170515 

1 

3 

0.19 

0.20 

3.2 

-0  70 

D- 

is 

4822.3' 

149798 

170535 

5 

5 

0.085 

0.030 

2.4 

-0.83 

D- 

Is 

[4863.1 

149952 

170515 

3 

3 

0.14 

0.050 

2.4 

-0.82 

D- 

h 

[4827.0] 

149798 

170515 

5 

3 

0.0095 

0.0020 

0.16 

-2.00 

E 

is 

53 

•D-'D” 

5568.81 

153257 

171209 

5 

c 

0.50 

0.23 

21 

0.07 

D 

ca 

(80) 

54 

3p“4p"- 

3D_3po 

4229.6 

158708 

182411 

15 

9 

0.98 

0.16 

33 

0.37 

D 

ca 

3p“(*P'’)5s" 

(83) 

4224.92 

158786 

182449 

7 

5 

0.82 

0.16 

15 

0.04 

D 

is 

4235.49 

158769 

182372 

5 

3 

0.74 

0.12 

8.3 

-0.23 

D 

is 

4234.8 

158724 

182338 

3 

1 

0.99 

0.088 

3.7 

-0.58 

D- 

is 

4223.0' 

158769 

182449 

5 

5 

0.15 

0.039 

2.7 

-0.71 

D- 

is 

4228.7' 

158724 

182372 

3 

3 

0.25 

0,066 

2.8 

-0.70 

D- 

is 

[4215.0' 

158724 

182449 

3 

5 

0.0098 

0,0043 

0.18 

-1.88 

E 

is 

55 

3p’4p— 

5p_5D» 

3ir\*S’‘)5d 

(11  uv) 

2434.10 

128730 

169800 

7 

9 

0.72 

0,082 

4.6 

-0.24 

D- 

ca.  Is 

2430.16 

128663 

169800 

5 

7 

0.48 

0,059 

2.4 

-0.53 

D- 

ca.  Is 

2427.79 

128622 

169800 

3 

5 

0.25 

0.037 

0.89 

-0.95 

D- 

ca.  Is 

2434.10 

128730 

169800 

7 

7 

0.24 

0.021 

1.2 

-0.83 

.n- 

ca.  Is 

2430.16 

128663 

169800 

5 

5 

0.42 

0.037 

1.5 

-0.73 

D- 

ca.  Is 

56 

SP-SD® 

2548.6 

131763 

171000 

9 

15 

0.78 

0.13 

9.5 

0.05 

D- 

ca 

(13  uv) 

2549,85 

131767 

170974 

5 

7 

0.76 

0.10 

4.4 

-0.28 

D- 

is 

2546.94 

131755 

171006 

3 

5 

0.58 

0.094 

2.4 

-0.55 

D- 

is 

2544.84 

131768 

171052 

1 

3 

0.43 

0.13 

1.1 

-0.90 

D- 

is 

2547.76 

131767 

171006 

5 

5 

0.19 

0.019 

0.79 

-1.03 

E 

is 

2543.98 

131755 

171052 

3 

3 

0.33 

0.032 

0.79 

-1.02 

E 

is 

[2545.5] 

131767 

171052 

5 

3 

0.022 

0.0013 

0.053 

-2.20 

E 

Is 
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Cl  II 

Forbidden  Transitions 

The  adopted  values  have  been  derived  from  Naqvi  [1],  and  Czyzak  and  Krueger  [2].  Since 
their  methods  are  essentially  alike,  Naqvi’s  and  Czyzak  and  Krueger’s  magnetic  dipole  transi¬ 
tions  have  normally  been  averaged,  except  for  the  ®P— 'S  transition  where  configuration  inter¬ 
action  is  impo.tant.  In  this  case  Czyzak  and  Krueger’s  empirically  derived  value  has  been  pre¬ 
ferred  over  Naqvi’s,  which  is  based  purely  on  theory  {see  also  General  Introduction). 

References 

(1]  Naqvi,  A.  M.,  Tlri-sis  Harvard  (1951). 

[2]  Cayak.  S.  J.  &  Kriietcer.  T.  K.,  Monthly  Notices  Roy.  Astron.  Soc.  126,  177-194  (1963). 


Cl  II.  Forbidden  Transitions 


No. 

Tran¬ 

sition 

Array 

Multiple! 

x(A) 

£i(cnf‘) 

1 

ft- 

Type  of 
Transition 

/tni(sec-') 

S(al.u.) 

Accu¬ 

racy 

Source 

1 

3p*-3p* 

— 3p 

14.34  X  KP 

0 

697 

5 

3 

e 

6.0  X  10-" 

6.5 

c 

2 

14.34  X  KP 

0 

697 

5 

3 

m 

0.00762 

2. .50 

A 

1 

10.04  X  1(P' 

0 

996 

5 

1 

e 

4;78x  10-' 

2.90 

C 

2 

'33.44  X  1(P' 

697 

9% 

3 

1 

m 

0.00144 

2.00 

A 

1 

2 

ap-iD 

(IF) 

8579.5 

0 

11652 

5 

.5 

e 

5.5  X  10-< 

0.076 

D 

2 

8579.5 

0 

11652 

5 

5 

m 

0.10,3 

0.0121 

C 

1,  2 

9125.8 

697 

11652 

3 

5 

e  1 

5.8  X  10-' 

0.011 

D 

2 

9125.8 

697 

11652 

3 

5 

m 

0.0293 

0.004)3 

C 

1.  2 

[9381.8^ 

996 

1 1652 

1 

5 

e 

1,2X  10-» 

0.0026 

D 

2 

3 

’P-'S 

1 

(2F) 

3583.2 

0 

5 

1 

e 

0.018 

0.0063 

D 

2 

3675.0 

697 

3 

1 

m 

1.34 

0.00247 

C 

2 

4 

■D-'S 

nn 

(Jr) 

1  6152.9 

116.52 

1 

e 

2.29 

12.0 

C 

2 
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^  ^  ^ 


Ground  State 


l5‘25»2//3i‘3/»’  ^S; 


Ionization  Potential 


39.90  eV  =  3219.16  eni  ' 


Allowed  I'ransitiuns 

List  of  tabulated  lines; 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

100.S.28 

1 

2439.9 

29 

2991.82 

15 

1008.78 

1 

2442.47 

26 

3104.46 

10 

101  .S.  02 

1 

2447.14 

26 

3P9  .34 

10 

1798.0 

2 

2448.58 

26 

3191.45 

1808.51 

2 

2468.5 

17 

3244.44 

12 

1810.3 

2 

2469.20 

17 

3259.32 

12 

1817.73 

2 

2471.07 

18 

3283.41 

9 

1822..50 

2 

2477.4 

17 

3289.80 

9 

1824.6 

2 

2431.8 

17 

3300.9 

9 

1828.40 

2 

2434.27 

17 

332C.57 

12 

1832.08 

2 

2485.1 

P 

3329.06 

9 

18.13.31 

2 

2486.91 

27 

3336.16 

12 

1897.8 

3 

2504.23 

17 

3340.42 

9 

1898.9 

3 

2510.92 

17 

3386.22 

14 

1901.61 

3 

2519.45 

17 

3387.60 

9 

1912.90 

.1 

2531.76 

23 

3392.89 

14 

1914.1 

3 

2532.48 

23 

3393.45 

14 

1916.5 

3 

2533.9 

27 

14 

1917.87 

3 

2540.9 

23 

13 

1920.3 

3 

2542.7 

17 

3553.3 

13 

2231.2 

25 

2.562,5 

27 

3560.68 

13 

2253.07 

25 

2577.13 

20 

3602.10 

8 

2255.7 

25 

2580.67 

20 

3612.85 

8 

2268.95 

25 

2601.16 

16 

3622.69 

8 

2278.34 

25 

2603.59 

16 

3656.95 

8 

2283.93 

25 

2609.50 

16 

3670.28 

8 

2291.38 

25 

2616.97 

16 

3682.05 

8 

2291.8 

25 

2618.78 

16 

3683.39 

6 

2291.8 

21 

2620.05 

24 

3688.0 

5 

2298..51 

21 

2624.71 

24 

3705.45 

8 

2340.64 

21 

2632.67 

24 

3707.34 

5 

2347.7 

21 

2633.18 

16 

3720.45 

11 

23.59.67 

28 

2639.1 

20 

3725.7 

6 

2.1.59.9 

28 

2648.8 

16 

3741.7 

8 

2370.37 

28 

2651.19 

16 

3748.81 

11 

2.172.7 

18 

2661.65 

19 

3759.0 

6 

2379.47 

26 

2662.3 

19 

3824.47 

5 

2379,8 

18 

2663.2 

19 

11 

2.187.3 

18 

2665.54 

19 

,3991.50 

4 

2.194.73 

18 

2669.6 

19 

4018.50 

4 

2403.32 

26 

2670.5 

19 

4059.07 

4 

2409.4 

18 

2675.7 

16 

4 

2416.42 

26 

2682.5 

22 

4104.23 

4 

2419.5 

18 

2691.4 

19 

4106.83 

4 

2422.47 

26 

2691.52 

22 

4124.1 

4 

24.14.8 

18 

2699.6 

19 

4591.1 

24.15.8 

29 

2710.37 

22 

7 

24.16.1 

29 

2965.56 

15 

4608.21 

7 

2439.69 

29 

2970.67 

15 

Varsavsky  [1]  has  calculated  a  value  for  one  multiplet  of  this  ion  using  the  screening-approxi¬ 
mation  method;  this  number  should  be  quite  uncertain  (probably  too  high,  as  judged  from  com¬ 
parisons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  been 
neglected  entirely.  For  numerous  other  transitions,  including  those  involving  shell-equivalent 
electrons,  the  Coulomb  approximation  has  been  employed  in  order  to  have  data  available  for  some 
of  the  more  prominent  lines  in  this  spectrum.  From  the  general  success  of  this  nuUhod  and  from 
comparisons  with  analogous  transitions  in  other  ions,  uncertainties  of  50  percent  are  normally 
expected;  however,  the  uncertainties  should  be  somewhat  larger  for  those  transitions  involving 
shell-equivalent  electrons. 
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Cl  II!.  Allowed  Transitions— Co/ilmued 


No. 

Transition 

Array 

iMultiplet 

MA) 

£/(ctn'') 

EiAcm-') 

A* 

/<«(10"  sec"') 

A 

S(at.u.) 

fog  gf 

Source 

23 

2P«-_2D 

25.3,3.6 

■209136 

248606 

6 

10 

5.4 

0.86 

43 

0.71 

D 

ca 

(22  uv) 

2532.48 

209183 

2486.58 

4 

6 

5.3 

0.77 

26 

D 

Is 

2531.76 

209042 

240528 

2 

4 

4.4 

0.85 

14 

D 

Is 

[2.540.9] 

209183 

248528 

4 

4 

0.085 

2.9 

fflyil 

E 

Is 

24 

2F»_2D 

2629.9 

216631 

254655 

14 

10 

0.032 

3.9 

-0.35 

D 

ca 

(23  uv) 

2632.67 

216710 

254683 

8 

6 

0.032 

2.2 

-0.59 

D 

/5 

2624.71 

216525 

254613 

6 

4 

0.030 

1.6 

-0.74 

D 

Is 

2620.05 

216525 

254683 

6 

6 

0.0022 

0.11 

-1.89 

E 

Is 

2.5 

^iHp- 

4D»_4P 

2281.0 

201850 

245691 

20 

12 

3.4 

0.16 

24 

0.50 

D 

ca 

3//^CP)5i 

(15  uv) 

2283.93 

202368 

246137 

8 

6 

2.7 

0.16 

9.6 

0.11 

D 

/5 

2291.38 

201765 

245392 

6 

4 

2.2 

0.12 

5.2 

-0.16 

D 

Is 

[2291.8] 

201332 

244952 

4 

2 

1.8 

0.070 

2.1 

-0.55 

D- 

Is 

2253.07 

201765 

246137 

6 

6 

0.61 

0.016 

2.1 

-0.56 

D- 

Is 

2268.95 

201332 

245392 

4 

4 

1.1 

0.086 

2.6 

-0.46 

D- 

Is 

2218.U 

201073 

244952 

2 

2 

1.8 

0.14 

2.1 

-0.56 

D- 

Is 

[2231.2] 

201332 

246137 

4 

6 

0.067 

0.0075 

0.22 

-1.52 

E 

Is 

[225.5.7] 

201073 

245.392 

2 

4 

0.17 

0.027 

0.39 

-1.28 

E 

Is 

26 

^P^—^P 

2416.9 

204316 

245691 

12 

12 

2.0 

0.18 

17 

0.33 

D 

cc 

(17  uv) 

2403.32 

204541 

246137 

6 

6 

1.4 

0.12 

5.9 

-0.13 

D 

Is 

2422.47 

2P4124 

245392 

4 

4 

0.28 

0.025 

0.79 

-1.01 

E 

Is 

2‘142.47 

204022 

244952 

2 

2 

0.35 

0.0.32 

0.51 

-1.20 

E 

is 

2447.14 

204541 

245392 

6 

4 

0.94 

0.056 

2.7 

-0.47 

D- 

/5 

2448..58 

2(H124 

244952 

4 

2 

1.8 

0.080 

2.6 

-0.50 

D- 

is 

2379.47 

2(H124 

246137 

4 

6 

0.62 

0.078 

2.5 

-0.50 

D- 

is 

2416.42 

204022 

245392 

2 

4 

0.88 

0.15 

2.4 

-0.51 

D- 

is 

27 

‘3°_4p 

2515.6 

205939 

245691 

4 

12 

0.69 

0.20 

6.5 

-0.11 

D 

ca 

(21  uv) 

2486.91 

246137 

4 

6 

0.68 

0.095 

3.1 

-0.42 

D 

is 

[2533.9] 

245392 

4 

4 

0.69 

0.067 

2.2 

-0.57 

D 

is 

[2.562.5] 

244952 

2 

0.70 

0.034 

1.2 

-0.86 

D 

/5 

28 

3//H//  - 

2F<>_2D 

2366.5 

216631 

258888 

14 

10 

2.9 

0.17 

19 

0.39 

D 

ca 

3,o-('D).5i' 

(24  uv) 

2370.37 

216710 

258886 

8 

6 

2.8 

0.18 

11 

0.16 

D 

is 

2359.67 

216.525 

2.58891 

6 

4 

3.0 

0.17 

7.7 

0.00 

D 

is 

[23,59.9] 

216525 

258886 

6 

6 

0.14 

0.012 

0.55 

-1.15 

E 

is 

29 

2D"_2D 

2438.3 

217875 

258888 

10 

10 

2.1 

0.19 

15 

0.27 

D 

ca 

(26  uv)| 

2436.1 

217850 

258886 

6 

6 

2.0 

0.18 

8.5 

0.02 

D 

is 

2439.69 

217913 

258891 

4 

4 

1.9 

0.17 

5.5 

-0.17 

D 

is 

[2435.8] 

217850 

258891 

6 

4 

0.21 

0.013 

0.60 

-1.12 

E 

is 

[2439.9] 

217913 

258886 

4 

6 

0.14 

0.019 

0.61 

-1.12 

E 

is 
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Cl  111 

Forbidden  Transitions 

All  the  values  for  this  ion  are  taken  from  Czyzak  and  Krueger  [1],  since  they  have  included  the 
important  effects  of  configuration  interaction  and  have  used  self-consistent  field  wavefunctions 
with  exchange  to  obtain  their  value  of  54.  (For  a  more  complete  discussion  see  General  Introduction.) 
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(iround  State 
Ionization  Potential 


Cl  IV 


l5'*25*2)y3j«3p*®Po 


53.5  eV  =  431226  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

Wavelength  (A) 

No. 

973.22 

1534.4 

4 

2751.2 

3 

977.56 

1539.3 

4 

2770.7 

3 

977.89 

1600.0 

5 

2782.4 

3 

984.95 

1617.4 

5 

2835.4 

3 

985.25 

1625.5 

5 

3063.1 

2 

986.09 

1632.3 

5 

3071.4 

2 

1500.4 

1638.8 

5 

3076.7 

2 

1510.6 

1650.3 

5 

3106.0 

2 

1528.7 

2701.3 

3 

3167.9 

2 

1532.2 

hh 

2724.0 

3 

3213.8 

2 

Varsavsky  [1]  has  calculated  a  value  for  one  multiplet  of  this  ion  using  the  screening-approxi¬ 
mation  method;  this  number  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  been 
neglected  entirely.  For  several  other  transitions  the  Coulomb  approximation  has  been  employed 
in  order  to  have  some  data  on  the  more  prominent  lines  in  this  spectrum.  From  the  general  success 
of  this  method  and  from  comparisons  with  analogous  transitions  in  other  ions,  uncertainties  of  50 
percent  are  expected;  however  these  estimates  should  be  regarded  as  provisional. 

Reference 

[1]  Varsavsky,  C.  M.,  Astrophys.  J.  Suppl.  Ser.  6.  No.  53,  75  (1961). 


Cl  IV .  Allowed  Transitions 


No 

'Transition 

Array 

Multiplet 

a(A) 

£((cm'') 

fc'frlcm'M 

Pi 

Pk 

/f,.|(10" 

sec"') 

flk 

5(at.u.) 

log 

Accu¬ 

racy 

Source 

1 

35’‘3/>*-3a3p» 

3p_3D<> 

981.27 

909 

102818 

9 

15 

23 

0.55 

16 

0.69 

H 

1 

[984.95] 

1341 

102669 

5 

7 

23 

0.46 

7.5 

0.36 

H 

Is 

[977.56 

491 

102787 

3 

5 

17 

0.41 

4.0 

0.09 

E 

Is 

973.22 

102752 

I 

3 

13 

0.56 

1.8 

-0.25 

E 

Is 

1341 

102787 

5 

5 

5.5 

1.3 

-0.40 

E 

Is 

491 

102752 

3 

3 

9.4 

0.13 

1.3 

-0.41 

E 

Is 

1341 

102752 

5 

3 

0.63 

msM 

mm 

-1.56 

E 

Is 

2 

3p4s-3p(*P°)4p 

215948 

248372 

9 

15 

2.3 

0.54 

49 

0.69 

D 

ca 

216468 

248961 

5 

7 

2.3 

0.45 

23 

0.35 

D 

Is 

215389 

248026 

3 

5 

1.7 

12 

D 

Is 

3071.4] 

247575 

1 

3 

1.3 

0.53 

5.4 

D- 

Is 

3167.9 

216468 

248026 

5 

5 

0.52 

4.1 

D- 

Is 

3106.0 

215389 

247575 

3 

3 

0.92 

0.13 

4.1 

Bnin 

D- 

Is 

[3213.8] 

216468 

247575 

5 

3 

0.a55 

0.27 

-1.59 

E 

Is 
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Cl  IV.  Allowed  Transitions— Continued 


No. 

Transition 

Array 

Multipiet 

x(A) 

S/iem"') 

Hi 

Hk 

Mj 

fik 

.S'iat.u.) 

■"g./cf 

Source 

3 

.Tpo_ap 

2767.6 

215948 

252070 

9 

9 

3.1 

0.36 

29 

0.51 

D 

ca 

2782.41 

216468 

2526^ 

5 

5 

2.3 

0.26 

12 

0.11 

D 

Is 

2751.2’ 

215389 

251726 

3 

3 

0.78 

0.088 

2.4 

-0..58 

D 

Is 

2835.4 

216468 

251726 

5 

3 

1.2 

0.086 

4.0 

-0.37 

D 

Is 

2770.7' 

215389 

251471 

3 

1 

3.0 

0.12 

3.2 

-0.44 

D 

Is 

2701.3' 

215389 

252397 

3 

5 

0.82 

0.15 

4.0 

-0.35 

D 

Is 

[2724.0' 

215026 

251726 

1 

3 

1.1 

0.36 

3.2 

-0.44 

D 

Is 

4 

3p"*p- 

3D_3P» 

753/. P 

248372 

313649 

15 

9 

7.5 

0.16 

12 

0.38 

D 

ca 

3r(*P“)55 

1532.2 

248%1 

314225 

7 

5 

6.3 

0.16 

5.6 

0.05 

D 

Is 

1539.3 

248026 

312991 

5 

3 

5.6 

0.12 

3.0 

-0.22 

D 

Is 

1534.4 

247575 

312747 

3 

1 

7.3 

0.086 

1.3 

-0.59 

D- 

Is 

1510.6 

248026 

314225 

5 

5 

1.2 

0.040 

1.0 

-0.70 

D- 

Is 

1.528.7 

247575 

312991 

3 

3 

1.9 

0.066 

1.0 

-0.70 

D- 

Is 

[1500.4] 

247575 

314225 

3 

5 

0.080 

0.0045 

0.067 

-1.87 

E 

Is 

5 

ap_ap® 

1623.9 

252070 

313649 

9 

9 

4.6 

0.18 

8.8 

0.21 

D 

ca 

[1617.4' 

252397 

314225 

5 

5 

3.5 

0.14 

3.7 

-0.15 

D 

Is 

1632.3J 

251726 

312991 

3 

3 

1.1 

0.045 

0.73 

-0.87 

D- 

Is 

1650.3 

252397 

312991 

5 

3 

1.8 

0.044 

1.2 

-0.66 

D 

Is 

1638.8' 

251726 

312747 

3 

1 

4.5 

0.061 

0.98 

-0.74 

D- 

Is 

1600.0' 

251726 

314225 

3 

5 

1.2 

0.076 

1.2 

-0.64 

D 

Is 

[1625.5' 

251471 

312991 

1 

3 

1.5 

0.18 

0.98 

-0.74 

D- 

is 

Cl  IV 

Forbidden  Transitions 

The  adopted  values  have  been  derived  from  Naqvi  [1],  and  Czyzak  and  Krueger  [2].  Since  their 
methods  are  essentially  alike,  Naqvi’s  and  Czyzrk  and  Krueger’s  magnetic  dipole  transitions  have 
been  averaged,  except  for  the  ®P— 'S  transition  where  configuration  interaction  is  important.  In 
this  case  Czyzak  and  Krueger’s  empirically  derived  value  has  been  preferred  over  Naqvi’s,  which 
is  based  purely  on  theory  (see  also  General  Introduction). 

References 


[1]  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 

[2]  Czyzak,  S.  J.,  and  Krueger,  T.  K.,  Monthly  Notices  Roy.  Astron.  Soc.  126,  177-194  (1963). 


Cl  IV.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

E/(cm"') 

£A(cm'') 

Hi 

Hk 

Type  of 
Transi¬ 
tion 

.lA((sec-') 

.S'(at.u.) 

Accu¬ 

racy 

.Source 

1 

3p*-3p* 

ap_3p 

[20.36  X10<] 

491 

1 

3 

m 

0.00213 

2.00 

B 

1,  2 

[74551] 

1341 

1 

5 

e 

2.77X10-^ 

19.0 

C 

2 

ril.76XlO<] 

491 

1341 

3 

5 

m 

0.00P25 

2.49 

B 

1,  2 

[11.76X10<] 

491 

1341 

3 

5 

e 

6.3X  10-" 

4.25 

C 

2 

2 

(IF) 

[7262.3] 

13766 

1 

5 

e 

2.2  X  10-» 

0.0013 

D 

2 

7530.54 

491 

13766 

3 

z 

m 

0.0063 

C 

1,  2 

7530.54 

491 

13766 

3 

5 

e 

1.5xl0-« 

0.11 

D 

2 

8045.63 

1341 

13766 

5 

5 

m 

C 

1,  2 

1 

8045.63 

1341 

13766 

5 

1  5 

e 

7.7xl0-« 

2 
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Cl  IV.  Forbidden  Transitions— Continued 


No. 

Transition 

Array 

Multiplet 

X(A) 

C/fetn"') 

Eicicm-') 

tfi 

ft- 

Type  of 
Transi¬ 
tion 

/f*./(8ec-') 

S(al  u.) 

Accu¬ 

racy 

Source 

3 

»P-'S 

■ 

(2F) 

3118.3 

491 

32550 

3 

1 

m 

2.61 

0.00293 

2 

.3203.3 

1341 

32550 

5 

1 

e 

0.038 

0.0077 

D 

2 

4 

'D-'S 

(3F) 

5323.29 

_ 1 

13766 

32550 

5 

1 

e 

3.2 

8.0 

D 

2 

CIv 


Ground  State  l5*2s*2p*35*3p  *P?/* 

Ionization  Potential  67.80  eV  =  547000  cm"' 

Allowed  Transitions 

The  screening-approximation  calculations  of  Varsa  vsky  [1]  for  the  35*3p  *P — 3j3p*  *D  multiplet 
are  considered  to  be  rather  uncertain  (probably  too  high,  as  judged  from  comparisons  in  other  ions) 
since  the  important  effects  of  configuration  mixing  are  neglected  entirely.  Gruzdev  and  Prokofev 
[2]  have  carried  out  Coulomb  approximation  calculations  modified  with  the  Seaton  correction  for 
the  3p  ‘P’— 4s  ‘S  multiplet;  these  results  should  be  reliable  to  within  25  percent,  as  judged  from 
plots  depicting /-value  dependence  on  nuclear  charge. 

References 

[1]  Varsavsk),  C.  M,.  Astrophys.  J.  Suppl.  Ser.  6,  No.  55,  75  (1961). 

[2]  Cruidev,  P.  F.,  and  Prokofev,  V.  K.,  Optics  and  Spectroscopy  (U.S.S.R.)  21,  151-152  (1966). 


Cl  V.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

1 _ 

Ei(cm'') 

£*(cm-') 

ft 

ft 

.4ai(10" 

sec*') 

fut 

.S(at.u.) 

Accu¬ 

racy 

Stturce 

1 

3s*3p— 3s3p^ 

2p®  — 2D 

890.61 

995 

113277 

6 

m 

26 

9.2 

0.49 

1 

[894.34] 

1492 

113306 

4 

26 

mM 

5.5 

gitw 

Is 

883.13] 

0 

113234 

2 

23 

3.1 

Is 

[894.92] 

1492 

113234 

4 

4.3 

Wm 

0.61 

Is 

2 

3p-('S)45 

*s 

391.67 

995 

256313 

M 

119 

■g 

0.70 

2 

1 

[392.43] 

,492 

256313 

4 

2 

79 

mm 

0.470 

C 

Is 

[390.15] 

0 

256313 

2 

2 

mma 

■a 

0.234 

BbI 

C 

Is 
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civ 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 


(1]  Naqvi,  A.  M.,  Thesis  Harvard  (!9Slt. 

Clv.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

£/(cnr') 

fik 

Type  of 
Transi¬ 
tion 

.dwfsec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

3p-('S)3p 

*P*_*P« 

[67000] 

0 

1492 

2 

1 

m 

1.33 

■ 

1 

Cl  VI 


Ground  State 


ls*2s*2p*3s*  'So 


Ionization  Potential 


96.7  eV  =  780000  cm-' 


Allowed  Transitions 

List  of  tabulated  lines; 


Wavelength  (A) 

No. 

-  -  - - 1 

Wavelength  [A] 

1 

No.  1 

Wavelength  [Al 

No. 

323.36 

8 

571.38 

■■ 

756.26 

4 

324.99 

8 

571.41 

756.34 

4 

325.16 

8 

573.46 

756.50 

4 

550.36 

5 

576.43 

757.82 

A 

552.00 

5 

577.44 

WM 

757.91 

4 

552  04 

5 

580.44 

763.84 

3 

555.48 

5 

671.37 

1 

768.47 

3 

555.57 

5 

724.13 

768.55 

3 

555.62 

5 

727.54 

773.79 

3 

565.48 

7 

730.29 

773.88 

3 

566.64 

7 

730.48 

774.05 

567.52 

733.89 

570.02 

736.75 

570.52 

755.47 

4 

570.89 

m 

755.63 

4 

The  charge-expansion  technique  of  Crossley  and  Dalgarno  [IJ,  which  includes  limited  con¬ 
figuration  mixing,  has  been  employed  for  the  majority  of  the  transitions  in  this  spectrum;  while 
Gruzdev  and  Prokofev  [2]  have  carried  out  Coulomb  approximation  calculations  modified  with  the 
Seaton  correction  for  the  3s3p  *P*-3j4s  *S  multiplet.  For  many  of  these  transitions,  the  dependence 
of  oscillator  strength  on  nuclear  charge  has  served  as  an  aid  in  estimating  accuracies. 
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Cl  VI 

Forbidden  Transitions 


Naqvi’s  calculations  (1)  are  the  only  available  source.  The  results  for  the  3p°_3l>°  transitioi.o 
are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the’P®  -'f”  transitions, 
Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should  be  partially 
included. 

Reference 

[l|  Naqvi.  A.  M., Thesis  Harvard  (1951). 


Clvi.  Forbidden  Transitions 


No. 

Transition 

Array 

Muliiplel 

X(.\) 

1 

Type  of 
Traiisi- 
lion 

.S'lai.u.) 

Accu¬ 

racy 

.Source 

1 

3s3p  — 

1 

1 

35(*S)3p 

3pO-»3po 

■ 

■ 

ris.oax  i(H] 

1 

[98147 

1 

[98700] 

1 

3 

m 

0.00304 

2.00 

C  + 

1 

r&5810] 

1 

[98700] 

1 

[99865] 

3 

5 

m 

0.0213 

2..50 

c+ 

1 

2 

1968.4 

98147 

148949 

1 

3 

m 

0.62 

5.3  X  10-< 

c- 

1 

1 

1990.1 

1 

98700 

148949 

3 

3 

m 

27.8 

0.0244 

c- 

i 

1 

[2036.7] 

1 

[9986.51 

148949 

5 

3 

m 

0.70 

6.6  X  10-< 

c- 

1 

Cl  vii 


Ground  State 


ls*2s*2/>«3s  «S,/2 


Ionisation  Potential 


114.27  eV  =  921902  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

;%.12 

2 

.598.21 

3 

2178.8 

9 

1%.39 

2 

604.79 

3 

2212.0 

9 

8 

6a5.a5 

3 

7 

722.13 

II 

293.25 

4 

725.73 

II 

294.89 

4 

800.70 

1 

340.27 

6 

813.00 

i 

455.13 

5 

1668.2 

10 

455.28 

5 

1686.4 

10 

456..56 

5 

1687.6 

10 

Two  sources  of  data  are  available  for  this  ion:  the  calculations  of  Stewart  and  Rotenberg  (!J, 
employing  a  scaled  Thomas-Fermi  potential,  and  the  charge-expansion  formulation  of  Crossley 
and  Dalgarno  [2|.  which  includes  limited  configuration  mixing.  Graphical  comparisons  of  both 
works  with  more  refined  values  within  the  isoelectronic  sequence  indicate  accuracies  within 
25  percent.  A  number  of  additional  values  have  been  obtained  from  studies  of  the  /-value  depend¬ 
ence  on  nuclear  charge.  The  reliable  material  available  for  other  ions  of  this  isoelectronic  sequence 
ill  these  cases  permits  the  determination  of  reliable  values  simply  by  graphical  interpolation. 

References 
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No.  Transition 
Array 


1 

2  3s— 4/1 

.3  .3/1 -,3r/ 

4  3/1— 4s 

5  3^/  —4/1 

6  3r/-l/ 

7  SrZ-Hf 

8 

9  4s— 4/1 

10  4/1 -4(/ 

11  4/1— .5s 


Muliiplei 


2p_2n 


ioKini; 


Cl  VII .  Allowed  Transitions 


290239 

290166 

290166 

290210 

290210 

290210 

464003 

tO'tOOS 

4^4003 


.50988.5 

.5WI97 

.50<m5 

.5096.56 

.5098a5 

.509197 


fit  fik  .4ti(l(y 
1 1 


124261 


.5096.56 

.509885 
.509197 

124261  290210 

290239 
290166 
124891  290166 

124261  464003 

124891  464003 

123001  464003 

290210  .509656 


.5098a5  6  4 

.509197  4  2 

.509885  4  4 

.58409.3  10  14 

705404  10  14 

771.549  10  14 

.5096.56  2 

.509885  2 

.509197 

569 m  6 

.569182  4 

569142  2 

.569142  4 

647677  6 

646677  4 

647677  2 


ntiTi 


5(at.u.) 

3.32 

0.100 

2.20 

-0.078 

1.12 

-0.379 

0.132 

-0.69 

0.088 

-0.87 

0.0440 

-1.167 

6.6 

0.52 

3.97 

0.299 

2.21 

0.049 

0.44 

-0.66 

0..58 

-0.22 

0.39 

-0.40 

0.19 

-0.71 

2.0 

0.11 

1.2 

-  0.11 

0.67 

-0.36 

0.13 

-1.06 

10 

0.% 

1.3 

0.23 

0.42 

-0.21 

13 

0.25 

8.7 

0.09 

4.3 

-0.22 

33 

0.77 

20 

0..56 

11 

0.30 

2.2 

-0.40 

2.4 

O.Oi 

1.6 

-0.17 

0.80 

-0.47 

83 


Civiii 


Ground  State  'So 

Ionization  Potential  348.3  eV  =  2810000  cm'* 

Allowed  Transitions 

Calculations  by  Kastner,  Omidvar,  and  Underwood  [1],  employing  Hailree-Fock  wavefunctions 
and  including  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a  single¬ 
configuration  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the  strong 
lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by  assumptions 
about  the  c^-up!ing. 

Refe,enoe 

(1|  Kaatner,  S.  O.,  Omidvar,  K.,  and  Underwimd,  J.  H.,  Aatruphya.  J.  i48,  269-273  (1%7). 


Cl  VIII,  Allowed  Transitions 


Cl  IX 

Ground  State  15*25*2/^* 

Ionization  Potential  400.7  eV  =  3233000  cm"' 

Allowed  Transitions 

The  value  for  the  25*2/^*  2s2/>*  *S  multiplet  is  calculated  from  the  nuclear  charge-expan¬ 

sion  method  of  Cohen  and  Dalgarno  [Ij.  It  may  be  quite  uncertain  since  configuration  interaction 
effects  with  configurations  involving  the  n  =  3  shell  electrons,  which  were  not  included  in  this 
calculation,  may  be  significant. 

Reference 
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Cl  IX.  Allowed  Transitions 


No. 

Transition 

Array 

Multiple! 

X(\) 

£((cm"‘) 

III 

fk 

/<*.d0« 

sec"') 

flk 

S(at.u.) 

1 

1 

Accu* 

racy 

.Source 

1 

2i*2/>*— 242/j" 

■P“-»S 

182.19 

45.38 

553400 

6 

2 

540 

0.089 

0.32 

-0.27 

n 

1 

[180.70] 

0 

553400 

4 

2 

360 

0.088 

0.21 

-0.45 

is 

[18.5.25] 

13600 

55.3400 

2 

2 

180 

0.090 

0.11 

-0.74 

H 

is 

Cl  IX 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1|.  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

[1]  Naqvi,  A.  M.,  Theaia  Harvard  (1951). 


Cl  IX.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

£((cm‘') 

£a(cm-') 

Type  of 
Transi¬ 
tion 

/<«(scc*') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

1 

1 _ 

1 

[7350.9] 

i 

1 

0 

13600 

1 

m 

45.2 

1.33 

_ i 

■ 

1 

Clx 


Ground  State  ls*2s*2p^ 

Ionization  Potential  455.3  eV  =  3673000  cm"' 

Allowed  Transitions 

The  values  are  calculated  from  the  charge-expans/on  method  of  Cohen  and  Dalgarno  [1] 
which  includes  limited  configuration  mixing.  From  comparisons  with  other  ions  in  the  isoelectronic 
sequence,  uncertainties  should  be  within  50  percent. 

Reference 

[1|  Cohen,  M.,  and  Dalgarno,  A.,  Proc.  Roy.  Sor.  London  A2S0,  258-270  |1'164). 
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ClX.  Allowed  Transitions 


No.  Transitioii  Multiple! 
Array 


-4*1 

(10"  sec"') 

fik 

8  1-0.26  D  I./,! 

-0.72  D  l./ji 


Transition 

No.  Array  Multiple! 


1  2i>*-2i)* 


sp  —  sp 


3p_lD 


=>P-'S 


>D-'S 


Kik) 

Ilk 

Type  Ilf 
Transi¬ 
tion 

4n(sec  ') 

•S'lat.ii.) 

Arcu- 

racy 

.Siiurce 

[9188.7] 

0 

10880 

5 

3 

e 

1..3()xl()  < 

O.OI.52 

c- 

1.  2 

[9188.7] 

0 

10880 

5 

3 

m 

28.6 

2.47 

B 

1 

[l(<39.3] 

0 

[61000] 

S 

5 

e 

0.0.36 

0.(M)13 

D- 

1.  2 

1  ,39.3 

0 

61000 

5 

m 

109 

0.089 

(; 

1 

1  m.2 

10880 

61000 

3 

.5 

e 

0.0020 

1.9X10  < 

D- 

1.  2 

[199.5.2] 

10880 

[61000] 

3 

.5 

m 

20.4 

0.0.301 

(; 

1 

[767.40] 

0 

[130310] 

5 

1 

e 

0..31 

8.IX10-’ 

D- 

2 

[837.31] 

10880 

[1.30310] 

3 

1 

m 

1410 

0.0307 

c 

2 

[1442.8] 

[61000] 

[130310] 

5 

1 

e 

7.7 

0.0287 

c- 

2 

ARGON 

Ar  I 


Ground  State 


ls*2s*2//'3s*3/>«  'So 


Ionization  Potential 


15.755  eV=  127109.9  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A) 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

866.80 

2 

4510.73 

76 

5194.02 

378 

869.75 

6 

4522.32 

68 

.5210.49 

361 

876.06 

1 

4.544.75 

413 

5214.77 

364 

879.93 

5 

4.5.54.32 

3.59 

.5216.28 

397 

1048.22 

4 

4.584.96 

409 

.5221.27 

360 

1066.66 

3 

4.586.61 

408 

5241.09 

36.5 

3406.18 

97 

4.587.21 

407 

.5246.24 

392 

.3461.08 

88 

4.589.29 

75 

•5249.20 

391 

3.5.54.30 

82 

4.596.10 

74 

.52.52.79 

.363 

.3.563.29 

% 

4628.44 

73 

.52.54.47 

312 

3.567.66 

77 

4642.15 

401 

.5286.07 

317 

.3.572..30 

% 

4647.49 

400 

.5290.00 

390 

,3606..52 

87 

4702.32 

72 

.5309..52 

318 

3632.68 

86 

4746.82 

386 

.5317.73 

372 

3634.46 

85 

47.52.94 

387 

.5373..50 

366 

364,3.12 

at 

4768.68 

301 

.5393.27 

398 

.3649.8.3 

95 

4798.74 

415 

367 

36.59.5.3 

83 

4835.97 

414 

37.5 

3670.67 

93 

4836.70 

395 

334 

.3675.23 

94 

4876.26 

.3.58 

304 

3770.37 

89 

4886.29 

410 

333 

3834.68 

92 

4887.95 

357 

5457.42 

377 

3894.66 

91 

4894.69 

3.56 

.54.59.65 

303 

.3947., 50 

.58 

4921.04 

411 

.5467.16 

376 

3‘W8.98 

.59 

4937.72 

412 

.5473.46 

340 

4044.42 

66 

49,56.75 

402 

5490.12 

307 

4045.96 

67 

4989.95 

403 

.5492.09 

382 

40.54.53 

65 

,5032.03 

405 

.5495.87 

302 

41.58..59 

57 

,5048.81 

.374 

.5506.11 

306 

4164.18 

56 

50.54.18 

336 

.5.524.% 

22.5 

4181  88 

71 

.50.56..53 

335 

.5.528.97 

.393 

4190,71 

,55 

.5060.08 

388 

.5.534.49 

384 

4191.0.3 

70 

.5070.99 

406 

.5540.87 

224 

4198.32 

64 

.5073,08 

300 

.5.5.52.77 

394 

4200.67 

54 

5078.03 

305 

.5.5.58  70 

216 

4251.18 

53 

.5087.09 

389 

.5.5.59,66 

.323 

42.59.36 

80 

5104.74 

4tM 

.5.572..54 

233 

4266,29 

6.3 

5118.21 

.309 

.5574.22 

324 

4272.17 

62 

5127.80 

308 

.5581.87 

226 

4.3(K).10 

61 

5151.39 

298 

.5.588.72 

2.32 

43.3.3..56 

78 

51.52.30 

217 

.5.597.48 

,327 

4.3.35,.34 

79 

5162.29 

299 

.5606.73 

21,5 

4.345,17 

77 

.5177..54 

3% 

.5618.01 

344 

4.36,3.79 

60 

5187.75 

218 

.5620.92 

.•34.3 

4424.(K) 

69 

5192.72 

.■362 

.5623.78 

328 

508-022  0-69—15 
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Allowed  Transitions— Con^inuetf 


Ar  1. 


Wavelength  (A) 

No. 

Wavelength  |A] 

No. 

Wavelength  [A] 

No. 

5635.58 

311 

6119.66 

320 

6888.17 

1.58 

5637.33 

369 

6121.86 

331 

6925.01 

26.3 

.5639.12 

399 

6127.42 

227 

69.37.67 

135 

5641.39 

310 

6128.73 

.3.30 

6951.46 

163 

5648.69 

380 

6145.44 

260 

69f»0.2.3 

165 

5649.26 

381 

61.55.24 

346 

6%5.43 

.31 

56.50.70 

214 

616.5.12 

2.59 

6992.17 

262 

56.59.13 

379 

6170.17 

345 

7030.25 

272 

5681.90 

316 

6173.10 

238 

7067.22 

.30 

5683.73 

315 

6179.41 

325 

7068.73 

274 

5700.87 

314 

6212..50 

245 

7086.70 

284 

.5712.51 

368 

6215.94 

261 

7107.48 

273 

5739.52 

239 

6230.93 

244 

7125.83 

288 

5772.11 

247 

6243.40 

329 

7147.04 

29 

5773.99 

371 

6244.7.3 

266 

71.58.83 

237 

5783..54 

240 

6248.41 

2.36 

7162..57 

168 

5789.48 

246 

6278.65 

242 

7206.98 

291 

5790.40 

370 

62%.87 

267 

7229.93 

149 

.5802.08 

313 

6307.66 

243 

7265.17 

1.55 

.5834.26 

248 

6309.14 

235 

7270.66 

142 

5(43.77 

373 

6364.89 

234 

7272.9.3 

39 

.5860.31 

271 

6369..58 

241 

7285.44 

178 

.5882.62 

270 

6384.72 

269 

7.311.72 

277 

.5888..58 

337 

6416.31 

268 

7316.01 

295 

.5912.09 

140 

6431. .56 

275 

7.3.50.78 

294 

.5916..58 

229 

6466..5.5 

2.50 

7.3.5.3.18 

276 

.5927.11 

223 

6481.14 

347 

7.3.5.3..32 

148 

5928.81 

339 

6493.97 

1.52 

7.372.12 

141 

.5940.86 

348 

6513.83 

.349 

7.383.98 

38 

.5942.67 

338 

6.5.38.11 

145 

7.392.97 

281 

.5943.89 

222 

65%.  12 

144 

7412.33 

171 

.5964.48 

251 

6598.68 

352 

7422.26 

172 

.5968.32 

.351 

6604.02 

146 

7425.29 

176 

.5971.60 

350 

6604.65 

151 

7435.33 

280 

.5981.90 

231 

6632.09 

279 

7436.25 

143 

.5987.30 

220 

66.56.88 

265 

7471.17 

37 

.5988.13 

322 

6660.68 

278 

7*184.24 

1.56 

.5994.66 

321 

6664.05 

1.50 

7.503.87 

52 

.5999.00 

..■30 

6677.28 

40 

7510.42 

177 

6005.73 

383 

6684.73 

254 

7514.65 

36 

6013.68 

221 

6698.47 

159 

7618..33 

182 

6025.1.5 

353 

6698.88 

282 

7628.86 

18.3 

6032.13 

219 

6719.22 

249 

7635.11 

28 

6043.22 

228 

6722.88 

257 

7670.04 

147 

60.52.73 

138 

67.52.84 

137 

7704.81 

161 

60.59.37 

139 

67.54.37 

25.3 

7723.76 

27 

6064.76 

326 

67.56.10 

258 

7724.21 

‘44 

6081.25 

.385 

6766.61 

166 

7798.55 

1.54 

60a5.86 

2.37 

6779.93 

.3.32 

7868.20 

28.3 

6090.79 

.319 

6818.29 

252 

7891.08 

162 

6098.81 

.342 

6827.25 

2.56 

7916.45 

286 

6101.16 

.355 

6851.88 

261 

7948.18 

4.3 

6104..58 

3.54 

6871.29 

1.36 

7%5.08 

285 

6105.64 

2.55 

6879..59 

1.57 

8006.16 

.35 

6113.46 

.341 

6887.10 

164 

8014.79 

26 

188 
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Ar  I.  Allowed  Transitions— Continued 


Wavelength  [A] 

No. 

Wavelength  (A] 

No. 

Wavelength  [A] 

No. 

8016.74 

290 

11441.8 

198 

14093.6 

118 

8037.23 

2>J7 

11467.5 

113 

14596.3 

19 

8046.13 

1.S3 

11488.1 

45 

14634.1 

18 

80.S3.31 

160 

11580.4 

10 

14739.1 

114 

8066.60 

289 

11668.7 

116 

14786.3 

417 

8103.69 

34 

11719.5 

106 

14876.6 

416 

811.S.3I 

25 

11733.3 

7 

15046.4 

134 

81.S1.86 

293 

11943.5 

8 

15172.3 

199 

8203.42 

292 

12026.6 

119 

15302.3 

16 

8264.52 

51 

12112.2 

102 

15329.6 

105 

8384.73 

174 

12139.8 

123 

15353.5 

202 

8408.21 

.SO 

12343.7 

108 

1.S402.6 

15 

8424.65 

33 

123.S6.8 

11 

15.S55.5 

126 

8490.30 

170 

12402.9 

111 

15734.9 

206 

8.S21.44 

49 

12439.2 

100 

15776.6 

201 

8605.78 

175 

12456.1 

190 

15816.8 

23 

8620.46 

167 

12487.6 

188 

15899.9 

20 

8667.94 

42 

12.S.S4.4 

101 

15989.3 

213 

8761.69 

181 

;2621.8 

200 

16122.7 

103 

8784.61 

169 

12702.4 

133 

16180.0 

205 

8799.08 

173 

12733.6 

189 

16264.1 

209 

8%2.19 

180 

12746.3 

204 

16436.9 

14 

9057.51 

2% 

12802.7 

107 

16520.1 

no 

9075.42 

179 

12933.3 

203 

16549.8 

13 

91J2.97 

24 

129,S6.6 

99 

16739.8 

208 

9194.64 

187 

13008.5 

207 

16940.4 

115 

9224.50 

48 

13214.7 

98 

17823.3 

17 

9291  ..S3 

186 

13231.4 

193 

20317.0 

212 

93,S4,22 

47 

13273.1 

128 

20616.5 

125 

%57.78 

32 

13313.4 

122 

20812.0 

22 

9784..S0 

46 

13367.1 

211 

21332.2 

121 

10470,1 

41 

13406.6 

9 

21534.9 

131 

10478.0 

185 

13499.2 

197 

22039.2 

120 

10.S06..S 

12 

13.S04.0 

104 

22077.4 

124 

10673.6 

184 

13.S43.8 

192 

23133.4 

130 

10683.4 

191 

13.S73.6 

210 

23844.8 

21 

109.S0.7 

117 

13.599,2 

127 

23%7..S 

129 

11078.9 

109 

13622.4 

112 

11248.4 

19S 

13678.5 

1.32 

11393.7 

194 

1.3825.7 

1% 

A  wealth  i.'f  numerical  data  exists  on  the  oscillator  strengths  of  the  Art  spectrum.  Numerous 
emission  intensity  measurements,  performed  mostly  with  stabilized  arcs,  as  well  as  some  lifetime 
determinations  and  several  calculations  based  on  intermediate  coupling  theory,  have  been  recently 
reported  in  the  literature. 

Most  of  the  work  on  Art  has  centered  on  the  prominent  red  and  blue  lines,  i.e.,  the4s— 4/j 
and  45  — 5p  transition  arrays.  While  the  majority  of  the  recent  data  agree  very  well  on  a  relative 
basis,  considerable  discrepancies  exist  on  the  absolute  scale.  At  present  two  different  absolute 
scales,  which  are  about  25  to  35  percent  apart,  appear  to  be  supported  by  several  experiments  on 
each  side,  and  at  this  time  both  possibilities  deserve  serious  consideration. 

One  scale  is  clustered  around  the  fairly  extensive  lifetime  measurements  of  4p  and  5p  levels 
by  Klosc  [12.  13)  performed  with  a  delayed  co:nrider.''e  method.  This  scale  is,  within  a  range  of 
about  ±  10  percent,  found  also  from  the  arc  experiments  of  Popenoe.and  Shumaker  [10]  and  Wiese 


[14],  from  another  less  extensive  lifetime  experiment,  again  performed  with  the  delayed  coincidence 
technique,  by  Osherovich  and  Veroleinen  [15|.  and  from  the  Coulomb  approximation  (16).* 

The  other  absolute  scale,  which  is  about  25  to  35  percent  lower,  is  supported  by  the  recent 
stabilized  arc  experiments  of  Buc'  et  al.  [5|,  Wende  [4].  and  Richter  (24j  and  by  the  shock-tube 
experiment  of  Coates  and  Gaydon  [18|.  To  complicate  matters,  a  recent  lifetime  measurement  of 
two  4//  levels  by  Landman  [19j  with  the  Hanle-effect  technique  — which  has  usually  produced 
reliable  results  — lies  about  huT-way  in  between  these  two  scales,  leaning  a  little  toward  the  first 
scale  (the  two  Landman  vah.es  are  ab<»ut  10  to  13  percent  lower  than  those  derived  from  the  first 
scale). 

Aside  from  the  above  mentioned  work,  many  other  emission  experiments  with  aics  are  avaii- 
able;  but  we  have  not  considered  these  fos  the  absolute  scale  after  noticing  that  they  either  show 
an  appreciable  scatter  in  the  relative  data  when  compared  to  any  of  the  above  experiments  (which 
are,  on  a  relative  basis,  all  in  good  agreement),  or  they  contain  assumptions  and  data  used  for  the 
diagnostics  which  are  considered  outdated  now. 

After  a  very  detailed  analysis  we  hrve  decided  to  adopt  the  first  scale  as  best  represented  by 
Klose’s  lifetime  measurements.  In  our  opinitm  this  scale  at  present  appears  to  be  the  least  objec¬ 
tionable  one;  but  it  needs  to  be  pointed  out  again  that  we  do  not  consider  this  issue  settled  yet.  We 
have  chosen  this  scale  for  the  following  principal  reasons: 

First,  Klose’s  lifetime  data  for  four  4p  and  seven  5p  levels  (the  latter  in  conjunction  with  the¬ 
oretical  data)  represent  a  self-consistent  set  of  data. 

Second,  there  is  no  readily  apparent  reason  why  Klose's  measured  lifetimes  are  too  short  as 
would  be  required  by  the  other  scale.  There  are  two  principal  mechanisms  which  could  cause  his 
lifetimes  to  be  too  short,  namely,  (a)  depopulation  by  collisions  and.  (b)  cascading  from  those  higher 
levels  which  decay  faster  than  the  4p  levels  because  they  have  a  direct  connection  )o  the  ground 
state.  The  latter  mechanism  would  apply  principally  to  the  .5s  and  3</  levels.  Detailed  quantitative 
estimates  [20]  show,  however,  that  under  Klose’s  conditions  collisional  depopulation  is  negligible 
and  the  cascading  from  those  higher  fast-decaying  levels  which  are  directly  linked  v’ith  the  ground 
state  is  so  severely  modified  by  radiation  trapping  (imprisonment)  that  the  effective  lifetimes  of 
these  states  become  much  longer  than  the  measured  ones. 

Third,  the  Coulomb  approximation,  in  conjunction  with  intermediate  coupling  theory  [21  j. 
produces  within  a  few  percent  the  same  lifetimes  as  measured  by  Klose  for  the  4p  levels.  This  is 
exactly  the  same  situation  as  encountered  for  the  analogous  case  of  the  3s— 3p  array  of  Ne  1.  where 
the  Coulomb  approximation  has  given  accurate  numbers.  In  addition,  the  Coulomb  approximation, 
when  applied  to  some  other  prominent  transition  arrays  of  Art  where  no  cancellation  occurs,  such 
as  4/;— 3</  and  4p— 5s.  is  also  in  these  cases  consistent  with  the  experimental  data  based  on  Klose's 
scale.  Furthermore,  the  adopted  absolute  scale  for  the  4s— 4/i  array  of  argon  fits  much  better  into 
the  apparent  regularities  for  atomic  /-values  than  the  other  possible  scale  with  the  smaller  /-values. 

Fourth,  a  possible  explanation  for  the  cause  of  the  discrepancy  between  the  two  scales  has 
been  advanced  by  one  of  us  some  time  ago  [14]  which  also  supports  the  adopted  scale.  The  prin¬ 
cipal  argument  is  based  on  the  observation  that  in  most  emission  i.'tensity  measurements  the 
authors  fail  to  include  the  intensity  contributed  by  the  line  wings  which  may  readily  amount  to 
about  15  to  20  percent.  In  the  usually  very  dense  arc  plasmas  the  spectral  lines  are  appreciably 
broadened.  Thus  the  far  wing  contributions,  which  are  extremely  difficult  to  measure,  should  be 
taken  into  account  by  a  theoretical  estimate  based  on  Stark  broadening  theory  to  obtain  consistency 
with  either  the  lifetime  results  or  calculated  transition  probabilities.  This  line  wing  correction  has 
been  included  only  in  the  arc  experiments  of  Shumaker  and  Popenoe  [3. 10]  and  Wiese  [14|,  both  of 
which  are  in  agreement  with  Klose’s  scale.  If  this  correction  were  applied  to  the  other  arc  experi¬ 
ments,  it  would  have  the  effect  of  increasing  the  results  by  about  15  to  20  percent  or  more  and  thus 
bring  them  into  reasonably  close  agreement  with  the  scale  adopted  here. 

In  spite  of  the  foregoing  arguments,  we  feel  that  there  may  still  be  other  equally  important 
causes  contributing  to  this  discrepancy,  since  the  line  wing  correction  <-annot  explain  certain 
inconsistencies  observed  by  several  authors  within  their  arc  experiments  (see.  e.g.,  ref.  [5|).  In  view 
of  this  still  somewhat  uncertain  situation  we  have  been  very  conservative  with  our  error  estimates 
for  this  spectrum. 

Now  some  details  on  the  chosen  numerical  values; 

Our  starting  point  has  been  Klose’s  Ufetime  measurements  [12|  for  the  4/>  levels  with  which  we 
have  renormalized  Shumaker  and  Popenoe’s  (3|  transition  probabilities  for  the  4s— 4/i  array.  (The 


normalization  factor  is  0.926.)  The  Shumaker  and  Popenoe  values,  it  might  be  pointed  out .  fulfill 
the  y-file  sum  rule  very  well.  Calculated /-values  by  Garstang  and  Van  Blerkom  [21]  for  the  44 —4p 
array  based  on  intermediate  coupling  theory  and  an  absolute  scale  provided  by  the  Coulomb  ap¬ 
proximation  agree  generally  quite  well  with  this  scale.  Fur  the  4s— 5p  transitions,  the  prominent 
blue  lines,  we  have  chosen  the  averaged  values  of  those  recent  sets  of  stabilized-arc  data  by  Wende 
[4],  Bues  et  al.  [5],  .and  Corliss  and  Shumaker  [6],  with  appropriate  renormalization  factors.  The 
first  two  authors  cover  the  entire  4s  — 5p  array,  while  Corliss  and  Shumaker  have  measured  only 
about  half  of  the  lines  ’ti  a  wall-stabilized  arc.  The  three  sets  of  data  agree  v  !ry  well  on  a  relative 
basis,  in  mu.st  cases  within  15  percent.  To  obtain  the  absolute  scale,  we  have  then  connected  these 
4s— 5p  data  with  the  4s— 4p  array.  Unfortunately,  not  too  many  links  between  the  two  transition 
arrays  exist.  Out  of  these  we  have  chosen  the  arc  measurements  of  Popenoe  and  Shumaker  [10], 
which  cover  a  few  lines  of  both  arrays.  In  particular,  the  4300  A  fine  (4s— .5p)  and  the  6%5  A  line 
(4s— 4p)  were  extensively  measured  by  these  authors,  and  Corliss  and  Shumaker  [6]  use  this  value 
for  the  43(X)  A  line  as  the  basis  for  their  other  results.  We  have  therefore  first  renormalized  the  data 
of  Corliss  and  Shumaker  with  the  same  factor  applied  earlier  to  the  Shumaker  and  Popenoe  values 
for  the  4s— 4p  lines  (since  these  measurements  were  based  on  the  6965  A  (44— 4p)  line).  Then  the 
material  of  Bues  et  al.,  and  Wende  was  put  on  this  same  absolut.;  scale  by  determining  and  applying 
the  respective  mean  arithmetic  factors  against  the  renormatized  Corliss  and  Shumaker  values; 
these  factors  are  1.250  for  Bues  et  al.,  and  1.329  for  Wende. 

From  our  principal  connection  between  the  4s— 4p  and  4s— 5p  arrays  based  on  the  4300  A  and 
6%5  A  lines,  a  transition  probability  ratio  of  0.059  may  be  derived  for  these  two  lines.  For  com¬ 
parison,  the  arc  measurements  of  Bott  [17]  produce  a  ratio  of  0.050,  while  Coates  and  Caydon  [18] 
with  a  shocktubc  obtain  0.062.  It  is  also  interesting  to  note  that  for  another  possible  link,  this  one 
between  the  4300  A  and  7147  A  lines,  the  here-obtained  ratio  of  0.61  is  again  bracketed  by  those 
obtained  by  Coates  and  Caydon  (0.45)  and  Bues  et  al.  (0.69). 

The  adopted  4s— 5p  transition  probabilities,  combined  with  theoretical  data  for  the  far-infra¬ 
red  5s  — 5p  and  3d  — 5p  transitions  [11,  13],  are  completely  consistent  with  the  b’fetime  data  for 
seven  .5p  levels  measured  by  Klose  [12]. 

For  many  other  lines  in  the  visible  and  near  ultraviolet  we  have  primarily  drawn  on  the  (re¬ 
normalized)  material  of  Bues  et  al.  [5].  and  Malone  and  Corcoran  [8].  The  latter  used  a  radio  fre¬ 
quency  induction  coupled  plasma  source;  their  renormaliz.ation  factor  is  1.159.  In  the  many  cases, 
where  in  addition  to  the  material  of  Bues  et  al.,  data  from  Corliss  and  Shumaker  were  also  available, 
we  have  given  preference  to  the  values  of  Bues  et  al.,  since  these  were  obtained  photoelectrically 
with  a  stabilized  arc  while  Corliss  and  Shumaker’s  data  were  usually  derived  from  un  analysis  of 
the  relative  intensity  measurements  of  Dieke  and  Crosswhite  [22].  For  some  4p  — 6s  lines  we  have 
listed  the  calculated  absolute  values  of  Johnston  [7],  based  on  intermediate  coupling  theory.  We 
have  not  used  any  of  his  other  material,  since  the  transition  integrals  are  very  small,  indicating 
cancellation,  and  his  values  usually  disagree  strongly  with  Bues  et  al.,  or  Corliss  and  Shumaker, 
when  comparisons  are  possible.  We  have  also  not  used  the  result^  of  Desai  and  Corcoran  [23], 
obtained  with  a  radio  frequency  plasma  source,  since— in  comparison  with  other  experimental 
values  [5. 6]  — they  seem  to  show  a  dependence  on  the  upper  energy  level  of  the  transition  involved. 

For  numerous  infrared  lines,  we  have  employed  the  relative  aic  measurements  of  Wiese 
et  al.  [9],  which  are  normalized  again  to  Klose's  scale.  In  the  case  of  the  4/>— 5.s  array,  we  could 
complete  the  data  by  using  also  the  intermediate  coupling  calculations  of  Murphy  [11].  These 
theoretical  data,  presented  on  their  own  absolute  scale,  are  in  fairly  good  agreement  with  the  arc 
measurements,  in  many  cases  within  30  percent. 

In  order  to  have  a  number  of  transition  arrays  complete  or  nearly  complete,  which  is  quite 
useful  for  checks  with  the  y-file  sum  rule,  we  have  listed  in  our  compilation  a  number  of  mostly 
weak  lines  which  we  normally  do  not  include  in  these  compilations  (lines  of  class  “E").  We  feel 
that  none  of  these  listed  lines  are  very  uncertain,  i.e.,  we  considsr  most  of  them  probably  to  be 
within  a  factor  of  two  of  the  true  values. 

Finally,  for  the  two  principal  resonance  lines  in  the  vacuum  uv,  To- 4s,  we  have  taken  the 
average  of  a  lifetime  result  by  Lawrence  [1]  obtained  with  the  delay*  J-coincidencc  method  and 
a  value  reported  by  Lewis  [2]  who  has  analyzed  natural  line  width  measurements,  which  essentially 
constitute  lifetime  measuiements,  too.  For  several  other  lines  in  the  vacuum  uv  we  have  deduced 
transition  probabilities  from  Lawrence’s  lifetime  measurements  by  subt 'acting  out  the  smaller 
contributions,  ranging  from  about  6  percent  to  40  percent,  of  numerous  infrared  transitions  starting 


from  (he  same  tipper  levels.  To  do  this,  we  applied  the  arc  measurements  of  Wiese  et  al.  (9|.  and 
the  intermediate  coupling  calculatioits  of  Murphy  (11|. 
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0.0(44.5 

1.1 

—  1.65 

D 

9ii 

115 

4/> 

]-34i 

' 

2/m -34a 

16940.4 

1062.38 

1121.39 

5 

5 

0.028 

0.12 

.34 

-0.22 

14 

9ii 

116 

4/> 

i  -34'  i  ° 

2/m— 3s'i’ 

116613.7 

1062.38 

114885 

5 

0.042.3 

0.086 

16.6 

0.:367 

(; 

9ii 

117 

4/> 

l]-34'  ir 

2/m- 3s  1 

109.50.7 

1062,38 

11.5367 

5 

.3 

0.00445 

0.(K)480 

0.87 

'.62 

c 

9h 

194 


An.  Allowed  Transitions— Co/ifi/it/erf 


Nil. 

Transition 

mA) 

/■.'/(fm*') 

Pi 

Pk 

4*/(10“ 

sec"') 

flk 

S(a(.u.l 

log  Pf 

Ac¬ 

cu¬ 

racy 

Source 

;/ 

coupling 

Pasclten 

118 

4/)[i 

1-8,/f 

J’ 

2/)j-8f/2 

!40'.'8.6 

1070.54 

114148 

1 

3 

0.048 

0.43 

20 

-0.37 

D 

9« 

ll'> 

4/)[ 

1-8)/' 

r 

2/»5-3i,' 

12026.6 

1070,54 

115367 

1 

3 

0.0C47 

0.031 

1.2 

-1.51 

D 

9/1 

120 

4/) 

l]-:y 

2/»f— 3f/(i 

22030.2 

107132 

111668 

3 

1 

0.0014 

0.0033 

0.71 

-2.00 

U- 

9// 

121 

4// 

il-:y 

t  ° 

2/)4-8f/5 

21332.2 

107132 

111818 

3 

3 

3.6X  10-< 

0.002.5 

0..52 

-2.12 

D- 

9// 

122 

4/)' 

i]-8)/'[il° 

2/)f-3il" 

18318.4 

1071.82 

114641 

3 

5 

0.15 

0.65 

85 

0.29 

D 

9// 

12.1 

4/)' 

i]-8)/'[i]° 

2/)4-8s1 

12130.8 

107132 

11.5367 

3 

3 

0.051 

0.11 

14 

-0.48 

D 

9// 

124 

4/)' 

i  -8)/ 

2/».i-8f/j 

22077.4 

107200 

111818 

5 

3 

0.0016 

0.0068 

2.5 

-1.47 

D 

9// 

125 

4/)' 

i  -:i,/ 

2/).l-8f/;l 

20616.5 

107200 

112130 

5 

5 

0.0044 

0.028 

9.6 

-0.85 

D- 

9// 

126 

4/)' 

i  -8)/, 

i  ° 

2/»:|-3f/i 

15.5.55.5 

1072'X) 

113717 

5 

7 

1.1  X  10-< 

.5.8  X  10-' 

0.15 

-2..54 

D- 

9// 

127 

4/)' 

2/-:. -35','' 

18.500,2 

107200 

1 14641 

5 

5 

0.025 

0.070 

16 

-0.46 

D- 

9// 

128 

4,/ 

2/).i-3s'," 

1. '1278.1 

107200 

114822 

5 

7 

0.17 

0.61 

180 

O.^kl 

D- 

9// 

120 

4/)' 

i  -8)/ 

i  ° 

2/)i— 3f/(i 

2;i%7.5 

1074% 

111668 

3 

1 

0.0041 

0.012 

2.8 

-1.44 

U- 

9// 

i;i() 

4/)' 

f  -3,1 

i  ° 

‘2i>i-'iih 

28138.4 

1074% 

111818 

3 

3 

0.0010 

0.015 

8.5 

- 1.:85 

D 

9// 

181 

4/)' 

i  —‘ill 

JO 

2/».>— 8f/j 

21.584.0 

1074% 

112130 

3 

5 

0.0012 

0.018 

2.9 

-1.41 

D 

9// 

182 

4/)' 

i]-y[ir 

2/»2-8s',' 

18678.5 

1074% 

114805 

3 

5 

0.070 

0.33 

41 

-0.(K) 

D- 

9// 

188 

4,)'[i]-8,/m° 

2/Js— 84! 

12702.4 

1074% 

11.5.867 

3 

3 

0.080 

O.IO 

24 

-0.24 

D 

9// 

184 

2/)i-34; 

1.5046.4 

108723 

11,5.867 

1 

3 

0.0.58 

0..5<> 

29 

-0.28 

D 

9// 

185 

— 4(/[l 

0 

2/)io-4f/« 

6087.67 

104102 

118.512 

3 

1 

0.0.821 

0.0077 

0..53 

-1.64 

C 

5// 

186 

4/)  ! 

-4)/  i 

0 

2/Jio-4f/i 

6871.20 

104102 

1186.51 

3 

3 

0.0200 

0.0205 

1.89 

-1.211 

t; 

5// 

187 

4/)  ! 

-4)/  i 

'  0 

2/)i(i— 4f/, 

6752.84 

104102 

118007 

3 

5 

0.0201 

0.0229 

1..58 

-1.168 

C 

5/ 

188 

4/)  1 

-4,1  [ 

]° 

4il 

60.52.78 

1 04 102 

120610 

.8 

.5 

0.0020 

lt.0018 

0.11 

-2.27 

D  + 

in 

180 

4/)  1 

]-4)/'[J]“ 

2/)io— 4s'i' 

6050.87 

104102 

120601 

«> 

5 

0.(H142.8 

0.00888 

0.232 

-  1.98 

C 

in.  bn 

140 

4/f  1 

]-4)/'[ 

jr- 

2/)i(i-4sl 

.5012.00 

l(MI02 

121012 

.8 

8 

0.0105 

0.(H).51 

0.320 

-1.79 

C 

in.  bn 

141 

4/<  i 

-4)/  i 

'2ii»-4,l\ 

7872.12 

10.5i;86 

110024 

7 

0 

0.020 

0.021 

8.5 

-0.84 

D4 

in 

142 

4/»  i 

—4,1  i 

0 

2/)ii— 44 

7270.66 

106436 

110213 

7 

7 

0.001 1 

8.4  X  10-' 

0.14 

-2.23 

D 

in 

148 

4/»  ! 

-4(/J 

0 

2/)»-4f/i 

7186.25 

10.5436 

118007 

7 

5 

0.0028 

0.(X)16 

0.28 

-1.94 

D 

in 

141 

4/) 

-4</'[ 

j'jo 

‘2iii,-4sT 

6.5%.  12 

10.5436 

120610 

7 

.5 

2.4X  1(H 

1.1  xlO-' 

0.017 

-3.11 

D 

6n 

145 

l/»  J 

1-1)/' 

]° 

2/»ii  — 44'i" 

6.5.18.11 

10.54.86 

1207.54 

7 

7 

O.INll  1 

7.2  X  10-' 

0.11 

-2.80 

DH- 

in 

Ik) 

1/)  i 

- 1)/' 

]° 

2/)ii-44'i' 

6601.02 

10.54:86 

120601 

7 

5 

0.0020 

0.0013 

0.20 

-.2.08 

D  + 

147 

1/'  i 

-4)/ 

0 

2/)i(-4f/.i 

7670.04 

10.5617 

1186.51 

5 

.8 

0.0020 

0.0015 

0.19 

-2.12 

D 

hti 

148 

1/'  i 

-  4)/' 

0 

78.58.82 

10.5617 

110:1.8 

5 

7 

0.010 

0.012 

1.4 

-  1.24 

D  + 

hn 

140 

1/45 

]-4,/[5 

0 

2/)H-4f/',' 

7220.08 

10.5617 

iim5 

5 

0 

6.0X  !()-< 

5.4  X  10-' 

0.064 

-2..57 

D 

in 

150 

4/4i 

l-4(/'[ 

}] 

2/jh—  l-v'i" 

f)6f>1.05 

10.5617 

120610 

5 

i> 

O.IK)16 

0.0011 

0.12 

-2,28 

0  + 

in 

151 

1/'  i 

-!(/• 

i  ° 

2/»«— 44i" 

6601.  ft) 

10.5617 

1207.54 

5 

7 

1.4X  10-< 

1.8  X  10-' 

0.014 

-;8.19 

D 

in 

152 

4/) 

-!</' 

i  ° 

2/)ii— 4.41 

6408.07 

10.5617 

121012 

5 

.8 

.8.1  X  !()-< 

1.2  X  10-' 

0.01.8 

-3.22 

D 

(t/f 

158 

4/) 

-4(/[ 

T 

‘2i>-.  —  \ik 

8046.18 

106087 

118512 

8 

1 

0.0117 

0.!)<V879 

0.801 

-  1.94 

C 

in 

151 

4(/[ 

]-44i 

V 

2/»7-  4f/:i 

7708.. 55 

106087 

110807 

8 

.1 

0.1  X  10-' 

0.0014 

O.ll 

-2.:88 

D  + 

in 

155 

4/'f 

]-44il 

2/);  — 14 

7265. 1 7 

1(K)087 

II '>848 

.8 

.8 

O.IM)18 

0.1)01.5 

0.10 

-2.:i6 

D 

in 

I.V) 

4/) 

-4)/[i 

r 

■2l,:-\,n 

7481.21 

106087 

iioir, 

8 

5 

o.oo;8.5 

0.0049 

0.87 

-1.88 

D  + 

in 

157 

4/» 

-4)/' 

il- 

■2l,-.-U"‘ 

6870.50 

106087 

120610 

8 

5 

O.IMllO 

0.0028 

0.16 

-2.16 

D  + 

in 

158 

-  If/' 

:Jjo 

'2)1,-  Is'; 

f)888.17 

10»)087 

120601 

8 

5 

0.0026 

O.IM)8l 

0.21 

-2.04 

D  + 

in 

150 

4/) 

-  If/' 

2/1- -4s,' 

6608.17 

106087 

121012 

.8 

3 

2.6  X  10-' 

1.7  X  10-' 

0.052 

-8.29 

U 

in 

KiO 

4/' 

-If/f 

■- 

2/).-  If  ';, 

80.5.1.81 

l(K,2.t8 

1 18651 

5 

.8 

O.tHlOO 

l).0().5.8 

0.70 

-1..58 

C 

S/I 

161 

4/» 

-4f/  j 

" 

2/)«-  If/, 

7701.81 

10/)2.8H 

1 1021.8 

' 

6.6  X  10-' 

8.2  X  10-' 

0.10 

-2..89 

D 

in 

162 

4/) 

-4f/ 

2/f«  —  4,/:i 

7801.08 

1(K)2;88 

1 18'>07 

5 

5 

0.00'W 

0.()0<>2 

1.20 

-l.;8.87 

C 

in 

168 

4/» 

-4f/'| 

})- 

2/)«-  l.s'i" 

i'>0.51.  k) 

I0/)2:18 

120610 

5 

0.0028 

0.0016 

0.19 

-  2.09 

D 

S/i 

161 

1/1 

i-if/'ur 

2/).,-  Is'," 

6887.10 

10/>2.88 

1207.51 

5 

7 

0.(N)I4 

0.0014 

0.16 

-2.16 

D  + 

in 

165 

1/' 

-if/'lil" 

2/1,1  -  Is',' 

6'k)(f.28 

1  Of, 2.88 

120601 

5 

5 

0.0025 

0.0018 

0.21 

-2.0-1 

D 

S/I 

k)(i 

4/» 

-4,/'(j|)- 

2,,«-  IsJ 

67Wi  6i 

10f)2:88 

I2I0I2 

5 

.8 

o.oai2 

0.0017 

(1.19 

-2.07 

D  + 

S// 

167 

4/) 

-if/Ul" 

2/».i-  14 

>ki20.  ki 

107051 

11(8651 

1 

.8 

o.txwo 

0.0.821 

0.91 

-1.49.8 

C 

S// 

l()8 

4// 

1-1,/' 

i  ^ 

2/).',-  Isl 

7!f.2.57 

107051 

121012 

1 

8 

6.0  X  10-' 

0.IN)I4 

o.o;8.8 

-2.85 

I) 

in 

160 

4/)'| 

iii-i</ 

i  ° 

2/«,-  i.7« 

8781.61 

;  07 1.82 

118512 

.8 

1 

0.0025 

9.5  X  10-' 

0.082 

-  2..5.5 

D 

in 

195 


mmimtiJMii 


An.  Allowed  Transitions— Coraftnuerf 


No. 

Transition 

Alien,- ') 

1 

fik 

5(at.u.) 

Ing/t/' 

Ac- 

rU“ 

raoy 

Source 

jl 

-('iiuplin/; 

n 

Pascbfn 

224 

4;> 

o 

2i>a  —  5s','" 

5540.  H7 

10.5463 

12:3.506 

7 

S 

4.3  X  10-* 

1.4  X  10-* 

0.018 

-3.01 

D 

rtii 

22.i 

4/» 

!  -.W 

3 

0 

2/,»-.5.,l" 

.5524.96 

105463 

12:4557 

7 

7 

0.(M)18 

8.1  X  10-* 

0.10 

-2.25 

D  + 

.5,1 

226 

4/' 

!  -i,/' 

3 

0 

2/,»-.5s',' 

.5.5H1.87 

105463 

123373 

7 

.> 

5.8  X  |()-< 

1.9  ;<  10-* 

0.025 

-2.88 

D4 

.5» 

227 

4/) 

!  -.W| 

■ 

0 

2/,k-.5(/,, 

6127.42 

10.5617 

'219.43 

!> 

3 

().(X)1 1 

.3.9  >;  10-* 

0.0.39 

-2.72 

D  + 

.5» 

22H 

4/>[ 

-.wi 

i] 

o 

2/,k-.5'/4 

604:4.22 

10.5617 

i.'X) 

7 

0.01.53 

0.01;  7 

1.17 

-1.2.43 

C 

5,, 

22y 

4/»[ 

n-.w 

31 

o 

2//k  — .5r/.j 

.5916..58 

10.Toi7 

I2i.il4 

5 

3 

6.1  X  10-* 

1.9  X  10* 

0.01*4 

-.3.02 

D 

.5h 

2.40 

4/) 

I 

3 

0 

2/,K-.5r/i' 

.5999.  (X) 

10.5617 

122282 

5 

5 

0.(XH5 

8.1  X  10-* 

0.080 

-2.:19 

D 

.5» 

241 

4/> 

-.w 

3 

0 

2/,k— .5,/; 

.5981.90 

10.5617 

1223:40 

5 

7 

1.3  X  10-* 

9.8  X  lo-- 

0.00% 

-:4..41 

D- 

.5ff 

242 

4// 

2/,!.-. is','" 

.5.588.72 

10.5617 

123.506 

5 

5 

0.(M)16 

7.3  X  J0-* 

0.067 

-2.44 

D  + 

5,, 

244 

4/«l' 

i]-wdi]° 

2/.-.,  -  .5sl" 

.5.572.. 54 

10.5617 

12.3.557 

5 

7 

0.(MX)9 

0.(X)4.50 

0.41.3 

-  1.65 

C 

.5» 

244 

4/d 

° 

2/, 7 -54 

6.364.89 

106087 

121794 

3 

1 

0.(X).58 

0.(X)12 

0.074 

-2.46 

D  + 

.5» 

24.S 

4/) 

n-s,/ 

3 

0 

2/(7 -.54 

6,409.14 

106087 

1219.33 

3 

.3 

7  9X  10-' 

4.7x  10* 

0.029 

-2.8.5 

D 

2:46 

4/» 

11-5,/ 

3 

0 

2/77 -.54 

6248.41 

106087 

122087 

3 

5 

7.,  X  10-* 

6.9  X  10-* 

0.04.3 

-2.68 

D 

5n 

2.47 

4/) 

1-.5,/ 

3 

o 

2/(7 -54 

608.5.86 

106087 

122514 

3 

.3 

*4.4  X  lO-' 

.5.2  X  KH 

0.(X):41 

-3.81 

D 

238 

4/» 

1-.5,/ 

3 

° 

2/(7 -5(/;' 

6173.10 

106087 

122282 

3 

5 

().(X)70 

0.(X)67 

0.406 

-1.70 

C 

5,, 

249 

4/d 

i]-5,/'[i 

1° 

2/,7  —  .5s','" 

.5739..52 

106087 

123506 

3 

5 

0.(MX41 

0.(X)75 

0.4.3 

-  1 .6.5 

D 

^11 

240 

4/' 

!l-.5,/'(i 

1° 

2/,; -.5s',' 

.57R4..54 

10/.087 

12:437:1 

3 

5 

8.4X  10-* 

7.0  X  10-* 

0.040 

-2.68 

[)- 

.5» 

241 

4/) 

-.5,/ 

} 

o 

2/,«— .54 

6.469.. 58 

1(X,2;48 

1219.13 

5 

3 

0.(X144 

0.(X)16 

0.17 

-2.10 

D  + 

.5n 

242 

4/1 

-5,/ 

3 

o 

2/,«-.54 

6278.6.5 

)  062.48 

122160 

5 

7 

2.1  X  10  * 

1.7  X  10-* 

0.018 

-.3.()7 

D 

5,1 

244 

4/»[ 

i]-.-w 

31 

0 

2/,«— .54 

6.407.66 

1062.48 

122087 

5 

S 

().(M)6:i 

0.(X).38 

0.:49 

-1.73 

D  + 

2+4 

4/d* 

l-.5,/151 

0 

2/,k— .5,/J' 

62.40.93 

1062:48 

122282 

5 

5 

1..1X  10-* 

7.6  X  10-' 

().(X)78 

-3.42 

D 

24.1 

4/'  i 

9 

2/,«-.5,/; 

621 2.. 50 

1062.38 

1223:10 

5 

7 

O.lXMl 

0.(X)33 

0.34 

-1.78 

D  + 

.5»» 

246 

4/1  ! 

-.1,/' 

3 

0 

2/,«-.5s'i'" 

5789.48 

1062.48 

12.3.506 

5 

4.8X  10-* 

2.4  X  10  * 

0.02:4 

-  2.*42 

D 

.5» 

247 

4/»  ! 

—hil' 

3 

0 

2/m-.5s'i" 

.5772.11 

1062.48 

12.3.557 

7 

0(Kt21 

0.0015 

0.14 

-2.14 

D 

5,, 

24H 

4/di 

]-V/' 

13 

0 

2/m -.5.,',' 

.5a44.26 

1062:48 

12.3:173 

5 

5 

().(K).52 

().(X)268 

0.257 

-1.88 

C 

.5,, .  6„ 

249 

4/)[i 

1-Wll] 

0 

2/, ,-54 

6719,22 

1070.54 

1219.13 

1 

3 

0.(K)2.5 

().(X151 

0.11 

-2.29 

D 

.5« 

2.i0 

4/»  i 

]-.W[ 

0 

2/, ,-.54 

6466.  .55 

1070.54 

122514 

1 

3 

0.(M)16 

0.0029 

0.062 

-  2..5.3 

D 

.5» 

2.41 

4/)  ! 

l-.w 

3 

0 

2/, .,-.5, 1 

.59^4.48 

1070.54 

12:1816 

1 

3 

8.()X  10-* 

0.(X)1.3 

0.025 

-2.89 

D 

.5» 

2.42 

4/)'| 

fj-.l,/ 

1 

0 

2/,, -.54 

6818.29 

1071.42 

121794 

.1 

1 

0.(M)21 

4  9X  10-* 

0.033 

-2.8:4 

D 

.5ff 

2.44 

4//1 

[1 

0 

2/,, -5,/., 

67.54.37 

1071.42 

1219:41 

3 

3 

0.(X)22 

().(X)1.5 

0.10 

-2..3.5 

D 

hn 

2.44 

4//i 

31-5,/ 

[3 

1° 

2/n— 54 

6684.7.4 

1  '71.42 

122087 

3 

.> 

4.1  X  10-* 

4.6  X  10-* 

0.0:40 

-2.86 

D 

5/» 

23.3 

4/)’ 

i  -.W'li]'- 

2/,,-.5.,‘i"' 

6105.64 

1071.42 

I2.45(X, 

.3 

.1 

0.0126 

0.0117 

0.71 

—  1.455 

C 

Sff 

2.46 

4/(' 

i  —  .1// 

i° 

2/,;, -.5,/, 

f>827.25 

1072'X) 

121'/.41 

.> 

•> 

0.(X)25 

().(X)11 

0.12 

-2.28 

D 

2.47 

4// 

i  —  .1,/ 

i  ° 

2/,..|  -  .5,/4 

6722.88 

1072'Xt 

1221/)0 

5 

1 

:i.:4x  10  * 

.4.1  X  10-* 

0.0.35 

-2.81 

D 

.5» 

2.4H 

4/»[ 

i  —  .5,/ 

3  - 

2/, 'I  -  .5,/:, 
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4.5  X  10  ' 

0.(440 

-2.6.5 

D- 

6(1 

399 

4/. 

[i] 

-95  i 

■  0 

2/J5  — 654 

.56.19.12 

l(»70S4 

124781 

1 

3 

0.0022 

(1.0031 

0.0.58 

-2.50 

D- 

f)// 

400 

4/j 

[i 

-9(1 

n° 

2i>,„-9(h 

4647.49 

104102 

12.5613 

.1 

.1 

0.0013 

4.2X  10  ' 

0.020 

-2.90 

E 

61/ 

401 

4/j 

i 

-9(1 

,° 

2i>,»-9(l, 

4642.15 

104102 

12.56.18 

.1 

5 

O.OO'O 

5.4  X  10  ' 

0.025 

-2.79 

E 

6// 

402 

4ii 

i 

-9(1 

2thi—9(l\ 

49.56.75 

10.5463 

12.56:12 

7 

9 

0.(, 

9.0  X  10  ' 

0.10 

-2.2(1 

E 

6// 

401 

4i> 

1 

-9(1 

2i«.-9(l, 

4989.95 

10.5617 

125652 

5 

7 

O.OOl  1 

5.6  X  10  ' 

0.(446 

-2.55 

E 

ft// 

404 

4/i 

a] 

-9(l[[ 

ij° 

2it:-9(r, 

5104.74 

106087 

12.5672 

3 

5 

9.1  X  10  < 

5.9  X  10  ' 

0.0.30 

—  2.7.> 

E 

ft// 

405 

4,>[i 

-IO5I 

i]° 

2/*i  — 75-, 

.50.12.0.1 

10.546.1 

12.5:1:10 

4 

5 

8.5  X  10  * 

2..3X  10  * 

0.027 

-2.79 

E 

ft// 

406 

4/>[l 

-1051 

i]° 

2/J«  — 754 

.5070.  W 

105617 

12.5.1:12 

5 

3 

0.0027 

6.3  X  10  * 

9.0.53 

-2.50 

E 

ft// 

407 

2ii,«- 

104 

4.587.21 

104102 

1258% 

.1 

1 

0.(M).51 

5.4  X  10  ' 

0.024 

-2.79 

E 

ft// 

408 

4i>m-\«(i[ir 

2/<im- 

104 

4.586.61 

104102 

12.58'W 

i 

.3 

0.(H»24 

7.6  X  10  * 

0.034 

-2.64 

E 

ft// 

409 

4/4i]-l<Wli]° 

2/<i(.- 

lOdi 

4.584.% 

1(41102 

12.5'407 

3 

5 

0.(HH7 

8.9  X  10  ' 

0.(440 

—  2..t7 

E 

6(/ 

410 

4i>li]-mi[ir 

i0(/; 

105463 

12.5923 

4 

9 

0.(K)12 

5.5  X  10  * 

0.(K)2 

-2.42 

E 

ft// 

411 

4i>lii-n),i[ir 

2ll;,- 

\»(t, 

4921.04 

10.5617 

12.59.3.3 

5 

7 

6.1  X  10  ' 

X  \  X  10  * 

0.025 

-2.81 

E 

ft// 

412 

4/4!]-ii4il]° 

2/*.|  — Rs;, 

49.17.72 

105461 

12.57(W 

( 

5 

3.8  X  10  * 

9.9  X  10 

0.011 

-3.16 

V. 

(w 

413 

o 

1 

'2ll,n- 

114 

4.544.75 

101102 

I2MCW 

.3 

.3 

8.6  X  10  ' 

2.7  X  10  ' 

0.012 

-3.(W 

E 

6h 

414 

4/di] -11451° 

2lh  — 

114 

Hl.1.5.97 

10.544(3 

1261.15 

7 

9 

9.7  X  10  < 

4.4  X  10  ' 

0.(449 

-2.51 

E 

611 

415 

4i>m-\m]° 

2/*i  — 

I2(/; 

4(98.74 

105463 

1262% 

7 

9 

9.2  X  10  * 

4.1  X  10  * 

0.(445 

-2.. 54 

E 

6(1 

416 

5,,[ 

°-4/[il 

25-. -4X 

14876.6 

11.1469 

120188 

5 

8 

6.0  X  lo-( 

0.(KI.32 

0.77 

-  1.80 

14- 

9,1 

417 

.15 1 

i] 

°-4/[i] 

25,-4Y 

14786.3 

1 1.1169 

1202:10 

5 

12 

0.0021 

0.017 

4.1 

-  1.07 

1) 

9ii 
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Aril 


Oniund  Stale 


h»25*2/W3p*»PS,2 


Ionization  Potential 


27.63  eV  =  222848.2  cm-* 


Allowed  Transitions 

List  Ilf  tabulated  lines: 


Wavi-len^lli  (  \| 

No. 

Waveleiiglli  |A| 

Wavelength  (A) 

No. 

718.091 

,3 

3476.7.3 

34 

3765.27 

63 

723., 3nl 

,3 

3487. .32 

38 

.3770.52 

63 

72.1. .3.30 

,3 

3491.24 

34 

3780.84 

.37 

730.929 

,3 

3491.. 34 

.34 

3786.38 

6 

737.4.37 

2 

.3499.48 

8 

.37%.60 

61 

740.270 

2 

3,309.78 

.34 

3799.38 

.37 

74;3..323 

.3,314..39 

34 

3803.17 

61 

748.198 

2 

3.317.89 

8 

.3808..38 

6 

919.782 

1 

3.320.00 

38 

3809.46 

63 

932.0.33 

1 

.3.321.26 

38 

.3819.02 

60 

■i(M)0.44 

44 

3.3.3.3.32 

34 

,3825.68 

60 

,3028.91 

.30 

3.34.3.60 

4.3 

3826.81 

37 

.3093.40 

,30 

3.34.3.84 

55 

3830.. 39 

6 

31.39.02 

,36 

3.348.. 32 

38 

3841. .32 

37 

3161.37 

.34 

33.30,0.3 

43 

3844.57 

23 

.3169.67 

.36 

,3.3.39.31 

4.3 

3844.74 

37 

3181.04 

,36 

3.361.0.3 

.35 

3845.41 

21 

3194.2,3 

I'is 

.3.362.19 

55 

3850..38 

22 

32(W.32 

46 

,3.36,3.0.3 

39 

.383.3.16 

47 

.3212..32 

.36 

.3.376.61 

38 

.3868..32 

52 

.322.3.97 

3.3 

.3.381.61 

.38 

3872.14 

37 

,3236,81 

49 

3,382.36 

38 

387.3.26 

.3 

,'243.69 

,36 

3.388.4.3 

38 

.3880.34 

37 

3249.80 

36 

,3600.22 

.38 

3891.40 

5 

.326.3..37 

3.3 

3603.46 

39 

3891.98 

.3 

.327.3,32 

46 

.3622.14 

63 

.3900.62 

37 

3281.70 

36 

.36,39.a3 

.39 

3911. .37 

37 

,3293.64 

49 

.36.30.89 

64 

3914.77 

.3 

.3307.23 

49 

,36,3.3.28 

48 

.3922.36 

23 

.3,3,30.93 

.37 

36.36.0.3 

42 

392.3.72 

73 

.3,361.7.3 

57 

3669.61 

63 

3928.63 

22 

,3,36.3.34 

.37 

,3671  01 

.38 

.39.31.24 

.3,366.,39 

49 

,3678.27 

63 

.39.32.. 3.3 

.32 

,3.370.9.3 

.39 

,3680.06 

.39 

.3944.27 

.3 

.3,376.44 

.3706.94 

7 

3946.10 

73 

,3379.46 

40 

37W.92 

42 

.39.32.7.3 

.31 

.3.388..3.3 

5.^ 

.3714.74 

6 

.39.38.. 38 

41 

3.397.90 

40 

.3717.17 

42 

.3%8.36 

.3 

.3414.46 

56 

3718.21 

62 

,3974.48 

21 

,3421.62 

39 

.3720.4.3 

6.3 

,3974.7.3 

20 

3429.62 

,36 

,3724..32 

62 

.3979., 36 

.32 

.34,30.42 

40 

3729.31 

22 

,3988.16 

41 

,34.32..39 

56 

.37.37.89 

62 

,39*42.05 

.3 

,34.34.10 

.34 

,37.30.49 

6 

,3994.79 

,3.3 

.34f)t.l.3 

45 

.376.3..30 

.37 

4011.20 

66 
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Am.  Allowed  Transitions— Continued 


Wavelength  [A) 

No. 

Wavelength  [A]  ^ 

No. 

Wavelength  [Aj 

No. 

4013.86 

5 

4370.75 

17 

.5017.63 

25 

4033.82 

65 

4371.33 

4 

5062.04 

18 

4035.46 

32 

4375.95 

29 

5141.79 

16 

4038.81 

5 

4379.67 

19 

514.5..32 

25 

4042.90 

32 

43^3.75 

28 

.5215.11 

25 

4052.92 

33 

4400.10 

4 

,5286.90 

2.5 

4057.67 

21 

4400.‘99 

4 

5724.33 

24 

4060.6 

21 

4420.91 

4 

.5843.78 

24 

4065.11 

41 

4426.01 

19 

.59.50.91 

24 

4072.01 

32 

4430.19 

19 

6077.4.3 

24 

4076.64 

65 

4431.00 

4 

6103..5.5 

1.3 

4076.94 

68 

4448.88 

75 

61.38.66 

10 

4079..58 

32 

4160..56 

4 

6212 

24 

4082.39 

20 

4481.81 

17 

6243.13 

10 

4103.91 

65 

4.5.35.49 

72 

6.399.22 

10 

4103.91 

68 

4545.05 

27 

6483.08 

1.3 

4112.82 

20 

4547.76 

69 

6638.2.3 

9 

4131.73 

31 

4564.42 

71 

6639.74 

9 

4147.38 

21 

4579..3.5 

29 

6643.72 

9 

41,56.09 

65 

4587.90 

28 

6666..36 

12 

4178.37 

19 

4.589.'>0 

.30 

6684.31 

9 

4179.30 

65 

46(W..56 

30 

67.56.55 

9 

4201.97 

20 

4637.25 

30 

6808..53 

11 

4218.67 

68 

46.57.89 

27 

6861.27 

12 

4222.64 

70 

4721.59 

71 

6863..54 

9 

4226.99 

74 

4726.86 

26 

6886.62 

9 

4228.16 

20 

4735.91 

18 

4237.22 

31 

4764.86 

27 

4255.60 

67 

4806.02 

18 

4266..53 

19 

4847.82 

18 

4275.16 

70 

4865.92 

71 

4277.52 

31 

■•879.86 

26 

4282.90 

19 

V889.03 

27 

4300.65 

15 

4904.75 

14 

4331.20 

19 

4933.21 

18 

4332.03 

4 

4952.92 

2.5 

4337.07 

74 

■4965.07 

26 

4348.06 

19 

4972.16 

18 

43.52.20 

4 

,5009.33 

18 

4.362.07 

17 

.5017.16 

16 

For  some  vac.iuni  uv  lines  of  this  speetrum  we  could  utilize  the  radiative  lifetime  measurements 
of  Lawrence  HI.  based  on  the  delayed-coincidence  technicjue,  and  the  intermediate-coiiplin}! 
calculations  of  Statz  et  al.  [2|.  based  on  Hartree-Fock  wavefunctions  in  the  radial  inte^iral. 

In  the  visible  re<iion,  many  experimental  and  theoretical  determinations  of  transition  proba¬ 
bilities  have  been  carried  out.  As  a  common  absolute  basis  for  muci'  of  our  tabulated  data  in  this 
region,  we  have  chosen  the  accurate  lifetime  determinations  of  the  4/)  levels  by  Bennett  et  al.  [7|. 
This  experiment  is  considered  the  most  advanced  of  the  three  recent  lifetime  measurements 
(Bakos  et  al.  (8|  and  Matilsky  and  Hesser[y|)  since,  in  contrast  to  the  others,  it  completely  eliminates 
cascading  effects  by  using  electron  excitation  of  the  atomic  states  at  the  corresponding  threshold 
energies. 
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Of  the  other  experiments  which  provide  many  individual  transition  probabilities,  we  have 
adopted  the  recent  wall-stabilized  arc  measurements  of  Shumaker  and  Popenoe  [3]  and  SchnapaiifT 
[5|.  (Schnapauff  has  .'^Iso  employed  in  some  cases  a  hollow  cathode  as  a  littht  source.')  Shumaker 
and  Popenoe’s  values  have  been  chosen,  where  available,  in  preference  to  those  of  Schnapauff 
(with  whom  they  are  normally  in  jiood  ajn'eement),  because  they  employ  more  advanced  data 
processinjj  and  evaluating:  techniques.  The  expected  increased  precision  appears  to  be  reflected 
in  their  results  which  provide  a  better  fulfillment  of  the  y-file  sum  rule  for  the  4s  — 4p  array  and 
exhibit  the  apparent  slow  variation  of  the  radial  transition  integral  in  this  array.  Shumaker  and 
Popenoe's  values  are  also  in  better  agreement  with  the  theoretical  calculations  described  below 
and  their*  measured  absolute  scale  is  very  close  (within  about  10%)  to  our  adopted  scale  provided 
by  the  lifetime  measurements  of  Bennett  et  al.  [7|.  However,  as  a  single  exception,  values  for  the 
4s '•P  —  4/.» ‘’S''  multiplet  do  not  satisfy  the  y-Cle  sum  rule  very  well  and,  consequently,  we  have 
reduced  our  accuracy-estimates  for  these  lines. 

F'or  many  other  lines  of  moderate  strength  in  the  visible  where  no  reliable  measurements  are 
vailable,  we  have  applied  the  intermediate-coupling  calculations  of  Statz  et  al.  [2],  described 
above,  as  well  us  those  of  Budko  and  Tang  [4|  and  Garstang  [6|.  Both  the  results  of  Statz  et  al., 
and  (iarstang  have  been  placed  on  the  absolute  scale  described  above.  Finally,  it  should  be  men¬ 
tioned  that  the  Coulomb  approximation  is  expected  to  provide  a  fairly  reliable  radial  transition 
integral  for  many  other  lines,  but  since  the  individual  line  strengths  probably  would  be  unreliable 
due  to  the  suspected  breakdown  of  /^-coupling,  we  have  refrained  from  tabulating  these. 
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Ar  II.  Allowed  Transitions 
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fAdcm-') 

Pi 

1 
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,S(at.u.) 
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2|>o_  .'S 

mM 
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108721 

6 

2 

2.08 
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2 

4 
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4 
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2 

2 
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4 

6 
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c 
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2 

4 
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c- 
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20 
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c 
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8 

8 
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0.0258 
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c 
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15767,3 

6 

6 
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0.86 
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c 

3n 
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4 

4 
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0.0074 

0,379 

-1..53 

c 

Ml 

.3891,40 
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158428 

2 

2 

0.(X39 

0.0089 

0.2.3 

-1.75 

c- 

Ml 

.3944.27 

1.32.327 

15767.3 

8 

6 
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0.(X)70 

0.7.3 

-1.2.52 

c 

Ml 

.3891.98 

1.32481 

1.58168 

6 

4 

0.07.3 

0.011 

0.85 

-1.18 

c- 

Ml 

.3875.26 

1.326,31 

1.58428 

4 

2 

0.076 

0.0086 

0.44 

-1.4f) 

c- 

3n 

40.38.Ci 

1.32481 

1572.34 

6 

8 

0.0127 

0.00414 

0..3.30 

-1.60 

c 

Ml 

.3992.05 

1,326.31 

15767.3 

4 

6 

0.01.5.3 

().()0.5.5 

0.288 

-1.66 

c 

Ml 

,39.31.24 

1,327.38 

1.58168 

2 

4 

0.020 

0.0093 

0.24 

-1.7.3 

c- 

Ml 

6 

(3) 

.3786.38 

132327 

158730 

8 

6 

0.012 

0.0019 

0.19 

-1.82 

c- 

Ml 

.3714.74 

1.32481 

1.59.39.3 

A 

4 

0.0065 

9.0  X  !()-< 

0.066 

-2.27 

D- 

4 

.38()8..58 

1.32481. 

1.587.30 

6 

6 

0.007.3 

().(X)16 

0.12 

-2.02 

c- 

:3» 

,3a30..39 

1,326.31 

1.587.30 

4 

6 

0.0062 

0.0020 

0.10 

-2.10 

D- 

4 

3750.49 

1.327,38 

1.59.393 

2 

4 

0.0027 

0.0011 

0.028 

-2.66 

D- 

4 

7 

4D_--p« 

(4) 

3706.94 

1.327.38 

1.59706 

2 

2 

0.0070 

0.0014 

0.0.35 

-2.55 

D- 

4 

8 

(S) 

.349<;.48 

1,32481 

I6I049 

6 

4 

0.00.53 

6.5  X  10-^ 

().(M5 

-2.41 

D- 

4 

,3517.89 

1.326.31 

161049 

4 

4 

0.0020 

.3.7  X  10-^ 

0.017 

-2.03 

D- 

4 

9 

(20) 

664,3.72 

142186 

1,572.34 

10 

8 

0. 167 

0.088 

19.3 

-0.0.56 

C 

Ml 

6684.31 

142717 

15767.3 

8 

6 

0.11.3 

0.057 

10.0 

-0..34I 

C 

.3« 

66,38.23 

14,3108 

1.58168 

6 

4 

0.129 

0.057 

7.4 

-0.466 

C 

3» 

66,39.74 

14,3,371 

1,58428 

4 

2 

0.181 

0.060 

.5.2 

-0.62 

C 

.3» 

6886.62 

142717 

1.572.34 

8 

8 

0.00'78 

0.0070 

1.26 

-1.2.52 

(’. 

6863..54 

14.3108 

157673 

6 

6 

0.0218 

0.01.54 

2.09 

-1.0.34 

C 

.3n 

67.56.,55 

143,371 

1.58168 

4 

4 

0.0091 

0.0062 

0..5.5 

-1.61 

C- 

3i. 

10 

(21) 

624.3.13 

142717 

1.587:30 

8 

6 

0.029 

0.01.3 

2.1 

-0.98 

C- 

Ml 

61.38.66 

141108 

1.59.39.3 

6 

4 

0.010 

0(X).38 

0.46 

-1.64 

C- 

Ml 

6.399.22 

143108 

1,587.30 

6 

6 

().(X).5.5 

().(X).34 

0.4.3 

-1.69 

C- 

Ml 

II 

jP-iRo 

(24) 

6H08..53 

144710 

1.59.39.3 

2 

4 

0.0064 

().(X)89 

0.40 

-1.75 

C- 

Ml 

12 

,p_.pc 

(25) 

6861.27 

14.5669 

1602.39 

4 

4 

0.0242 

0.0171 

I. .54 

-1.165 

C 

Ml 

6666.. 36 

144710 

1,59706 

2 

2 

0.071 

0.047 

2.1 

-1.0.3 

C- 

.3n 
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Aril,  Allowed  Transiilions— 


No. 

Transition 

Multiple! 

\)A) 

A’((cnr') 

A’*(em-') 

■ 

A- 

•/a/(10" 

.S(at.u.) 

log  Kf 

Source 

Array 

M 

see') 

m 

13 

6:isi.s 

/■/3.'349 

161089 

6 

2 

0.118 

0.02.38 

2.99 

-0.83 

C 

3n 

(27) 

6483.08 

14.3669 

161089 

4 

2 

0.101 

0.0318 

2.72 

-0.90 

c 

3r 

61().3..'').S 

144710 

161089 

2 

2 

0.012 

0.0067 

0.27 

-1.87 

c- 

3r 

14 

3/)M’P)3</- 

'ipH '  D)4// 

(34) 

4904.7.S 

1.30148 

170.3.30 

6 

8 

0.043 

0.022 

2.1 

-0.88 

D 

5/1 

l.i 

,p_2D° 

(36) 

43(M).6.i 

1.30148 

17:3:39:3 

6 

6 

0.061 

0.0!', 

1.4 

-0.99 

D 

.3« 

16 

2D-^P 

(37) 

.3141.79 

1.31087 

170.3:30 

6 

8 

0.09.3 

0.050 

.3.1 

-0..32 

C 

.3« 

.3017.16 

1.3(447.3 

17(4401 

4 

6 

0.2.31 

0.131 

8.6 

-0.281 

C 

3// 

17 

2D-2D° 

(39) 

4481.81 

1.31087 

17:3:39:3 

6 

6 

0.494 

0.149 

13.2 

-0.049 

C 

.3n 

4:470.7.3 

1.3047.3 

17:3:348 

4 

4 

0.6.3 

0.1H6 

10.7 

-0.128 

C 

3/1 

4362.07 

1.3(447.3 

17:3:3‘4:3 

4 

6 

0.0.37 

0.024 

1.4 

-1.02 

D 

.3/1 

18 

3/*^4s  — 

487.3.0 

/.■34  7.3(4 

/.3.32.37 

12 

12 

().‘;:3 

0.:3,32 

61 

l).6() 

C 

3ff 

3/(^(''PM/; 

(6) 

4806.02 

i:i4242 

1.3.3(44:3 

6 

6 

0.79 

0.274 

26.0 

0.216 

C  + 

3// 

49.33.21 

1.3.3086 

1.3.3:3.34 

4 

4 

0.143 

0.0.32 

3.39 

-0.68 

C  + 

:3» 

4972.16 

1.3.3602 

1.3.3708 

2 

2 

0.0% 

0.0:3.36 

i  16 

-1.148 

C 

3// 

47.3.3.91 

1.34242 

1.3.3:3.34 

6 

4 

0..38 

0.1:30 

12.2 

-0.108 

C 

3(1 

4847.82 

1.3.3086 

1.3.3708 

4 

2 

0.8.3 

0.1.30 

9.6 

-0.222 

C 

3i/ 

.3(K)<>..33 

1:3.3086 

1.3.3(443 

4 

6 

0.147 

0.083 

.3..3 

-0.479 

C 

3(( 

.3062.04 

1.3.3602 

1.3.3:3.34 

2 

4 

0.221 

0.170 

.3.7 

-0.469 

(!  + 

3t( 

19 

4m. 4 

/.•34  7.3(4 

(.77672 

12 

20 

1.14 

()..34 

93 

0.81 

C 

3ii 

(7) 

4348.06 

1.34242 

1.372:34 

6 

8 

1.24 

0.469 

40.2 

0.419 

C 

3/( 

4426.01 

1:3.3086 

1.3767:3 

4 

6 

0.83 

0.366 

21.3 

0.166 

G 

3/( 

44;3().19 

1.3.3602 

1.38168 

2 

4 

0..33 

0.312 

9.1 

-0.20.3 

C 

3/1 

•4266..33 

1.34242 

1.3767:3 

6 

6 

0.1.36 

0.0426 

3.  .39 

-0..39 

C 

3i( 

43.31.20 

1.3.3086 

1.38168 

4 

4 

0..36 

0.1.38 

9.0 

-0.199 

C 

3(1 

4.379.67 

1.3.3602 

1.38428 

2 

2 

1.04 

0.299 

8.6 

-0.233 

G 

3// 

4178.;37 

1.34242 

1.38168 

6 

4 

().()i:3 

0.002.3 

0.19 

-1.86 

G- 

3// 

4282. ‘40 

1.43086 

1.38428 

4 

2 

0.120 

0.016.3 

0.93 

-1.180 

C 

3/f 

20 

^P„2D 

(8) 

4082.  .39 

1:34242 

1.387:30 

6 

6 

0.027 

0.0067 

0.,34 

-1.40 

G- 

3// 

4112.82 

1.3.3086 

1.3‘m3 

4 

4 

0.0082 

0.0021 

O.il 

-  2.08 

c- 

3// 

.3  .4.7.3 

1.34242 

1.39;3‘« 

6 

4 

().(K)41 

6.. 3  X  10-« 

0.0.31 

-2.41 

D- 

4 

4228.16 

1.3.3086 

1.387:30 

4 

6 

0.1,30 

0.0.32 

2.91 

-0.68 

C 

3/1 

4201. <47 

1.3.3602 

1.39:37.3 

2 

4 

ium 

0.019 

0..31 

-1.42 

D- 

4 

21 

(9! 

.3974.48 

1.3.3086 

1602:3'; 

4 

4 

0.(K)68 

().(M)16 

():084 

-2.19 

D- 

4 

4147..38 

1.3.3602 

1.39706 

2 

2 

1.8  X  10-' 

4.6  X  10-5 

O.IX)!.! 

-4.04 

E 

2// 

.384.3.41 

1.34242 

1602:39 

6 

4 

0.(K)9I 

().(X)I.3 

0.10 

-2.11 

D  - 

4 

[4060.6] 

1.3.3086 

1.38706 

4 

2 

.3.2  X  lO-’- 

4.0  X  lO-" 

2. 1  X  10-^ 

-4.80 

E 

2/i 

40.37.67 

1.3.3602 

1602:39 

2 

4 

().(K):38 

().(K)19 

().().3() 

-2.42 

E 

2.. 

22 

,p_iS° 

.38(4/../ 

i:U7S0 

161(449 

12 

4 

1.4 

0. 10 

1.3 

0.08 

D 

.3// 

(10) 

.3729.;31 

1.34242 

161(U9 

6 

4 

0.60 

0.08:3 

6.1 

-().:3() 

D 

3// 

.3a3().38 

1.3.3086 

161(449 

4 

4 

0.47 

O.IO 

.3.3 

-0.40 

D 

3// 

;3<428.6;3 

1.3.3602 

161(449 

2 

4 

().:3() 

(1.14 

.3.6 

-()..3.3 

D 

3// 
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Aril.  Allowed  Transitions— Confinued 


No, 

Transition 

Multipirt 

a(A) 

£»((m-') 

A- 

4*;(10" 

fik 

.S'(at.u.) 

Accu- 

Sdurce 

.Array 

sec"') 

racy 

23 

4p_.k^o 

(11) 

3844.57 

13.5086 

161<.)89 

4 

2 

0.0071 

7.9  X  10-' 

().()4() 

-2. .50 

K 

2/1 

3922., 36 

13.5602 

161089 

2 

2 

1).(K)I9 

4,4  X  10-' 

0.01 1 

-3,06 

K 

2// 

24 

1!F_4P<> 

(12) 

.5843.78 

i;38244 

1.5.5351 

4 

4 

.3.8  X  10-' 

1.9X  10-' 

0.0 15 

-3.12 

E 

2ii 

6077.43 

1,392.58 

1.5.5708 

2 

9.8  X  10-' 

5.4  X  10-' 

0,022 

-  2.97 

K 

2ii 

5724.33 

138244 

1.55708 

4 

2 

().(M)14 

3.4  X  10-  ' 

0.026 

-2.87 

E 

2n 

.59.50.'/' 

138244 

1.5.5043 

4 

6 

7.0  X  10-' 

,5.6  X  10-' 

0.044 

-  2.65 

E 

2ii 

6212 

13‘;2.58 

1.5.5351 

•) 

4 

2.1  X  lO--* 

2.4  X  lO-' 

9.9  X  10-' 

-  4..32 

E 

2n 

25 

ip_4D-’ 

(13) 

.514.5.;i2 

1.38244 

15767.3 

4 

6 

0.097 

0.0.58 

.3,91 

-0,6.3 

C 

,3// 

5286.90 

13'J2.58 

1.58168 

2 

4 

0.01.56 

0.0131 

0.45.5 

- 1  ..58 

c 

.3// 

.5017.63 

138244 

1.58168 

4 

4 

().(M)8.5 

().(K).32 

0.21 

-  1 .89 

('.- 

.3// 

.521.5.11 

1.392.58 

1.58428 

2 

2 

1.6  X  10  ' 

6.5  X  lO-- 

0  0022 

-  ,3,89 

K. 

2n 

49.52.92 

138244 

1.58428 

4 

2 

3.2  X  10-'' 

5.9  X  1')-“ 

.3.8  X  10-' 

-4,6.3 

E 

2ii 

26 

jp_iD'> 

<8‘77..5 

158.582 

!.58W.5 

6 

10 

0.79 

0.471 

45.6 

0.451 

C 

.3// 

(14) 

4879.86 

138244 

158730 

4 

6 

0.78 

0.418 

26.8 

0.223 

C 

.3// 

4965.07 

1392.58 

159393 

2 

4 

0.347 

0.2.56 

8.4 

-0.291 

c 

.3// 

4726.86 

138244 

1.59393 

4 

4 

()..5() 

0.167 

10.4 

-0.175 

c 

.3// 

27 

SP—ipo 

4654.4 

158582 

160061 

6 

6 

l.(M) 

0.325 

29.9 

().2')() 

Cl- 

3// 

(15) 

4.545.0.5 

138244 

1602.39 

4 

4 

0.413 

0.128 

7.66 

-0.291 

B 

3// 

4889.03 

139258 

1.59706 

2 

2 

0.1.59 

0.057 

1.83 

-O.'M 

C 

3n 

46.57.89 

138244 

1.59706 

4 

2 

0.81 

0.1.32 

8.1 

-0.277 

C 

3/f 

4764.86 

139258 

160239 

2 

4 

()..57.5 

0.391 

12.3 

-0.107 

B 

.3/1 

28 

jp_4S» 

(16) 

43a3.75 

138244 

161  (H9 

4 

4 

0.01 1 

0.00.32 

0.18 

-  1.89 

C- 

.3// 

4.587.90 

1392.58 

161049 

2 

4 

1.4  X  10-' 

8.8  X  10-' 

0.0027 

-3.75 

E 

2// 

29 

2p_JS<- 

4t4l.8 

158.582 

161()H<> 

6 

2 

1.10 

0.108 

9.5 

-0.188 

C 

3/1 

(17) 

4375.95 

1  .'18244 

161089 

4 

2 

().2(H) 

0.0287 

1.65 

-0,94 

C 

3/t 

4.579.;i.5 

i;W2.58 

161089 

2 

2 

0.82 

0.2.58 

7.8 

-0.287 

C 

.3// 

30 

3/j''4.s'  — 

jD-jp 

46il2.:i 

1487.55 

170475 

10 

14 

0.91 

0.403 

61 

0.61 

C- 

5// 

3/j*('D)4/>' 

(31) 

4609..56 

148842 

1705.30 

6 

8 

0.91 

0.387 

35,2 

0,366 

C 

5// 

4.589.<)() 

148620 

170401 

4 

6 

0.82 

0.389 

23.5 

0,192 

C 

5// 

4637.25 

148842 

17(4401 

6 

6 

0.090 

0.029 

2.7 

-0,76 

D 

5// 

31 

2D-»P 

4225.0 

148755 

17241.5 

10 

6 

1.3 

0.20 

28 

()..3() 

D 

4 

(32) 

4211.52 

148842 

172214 

6 

4 

1.0 

0.18 

15 

().().3 

I) 

4 

4131,73 

148620 

172816 

4 

2 

1.4 

0.18 

9,7 

-0.14 

D 

4 

4237.22 

148^52(1 

172214 

4 

4 

0.21 

().().57 

.3,2 

-0,64 

D 

4 

32 

2[)-21)'’ 

4060.5 

148755 

17.157.5 

10 

10 

1.0 

0.25 

34 

0.40 

1) 

4.  5/1 

(33) 

4072.01 

148842 

17.m3 

6 

6 

0.57 

0.142 

11  4 

-  ().()7() 

C 

iin 

4042. ‘X) 

148620 

17.3;448 

4 

4 

1.4 

0.34 

18 

0  1.3 

D 

4 

4()79..58 

148842 

173348 

6 

4 

0.26 

0.04.3 

3,5 

-(),.59 

D 

4 

40.35.4^) 

148620 

173;W.3 

4 

6 

().()4.5 

0.016 

0.88 

-  1.19 

1) 

'vi 

33 

3/<Ms"- 

4S_2P 

4055.4 

167.108 

102  m 

2 

6 

1.5 

1.1 

;i() 

().;34 

E 

;V('S4/»" 

(101) 

1 

40.52.92 

167303 

191975 

2 

4 

1.5 

0.75 

20 

0.18 

E 

/>// 

.3'W4.7‘) 

167.308 

1  <42.3.3.3 

2 

2 

1.6 

0.37 

9.8 

-0.1.3 

E 

hn 
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Aril.  Allowed  Transitions— Conli/merf 


No. 

Transition 

Array 

Multiplel 

A(\) 

FJ'dcnT') 

£*.(rm-') 

fik 

5'(al.u.) 

■ 

m 

.34 

3/)<4/.- 

1 

m 

B 

(44) 

S'lQl  .54 

155043 

183676 

6 

8 

3.0 

0.73 

50 

0.64 

D 

4 

3514.39 

1.5.5.351 

183797 

4 

6 

1.23 

0.342 

15.8 

0.136 

C 

,5n 

.3.535.32 

1.55708 

183986 

2 

4 

0.82 

0.31 

7.2 

-0.21 

D 

4 

,3476.75 

15.5043 

1837'x 

6 

6 

1.34 

0.243 

16.7 

0.164 

C 

5/1 

3491.24 

1.5.5351 

183986 

4 

4 

2.2 

0.40 

18 

0.20 

D 

4 

3.509.78 

1.55708 

184192 

2 

2 

2.5 

0.46 

11 

-0.04 

D 

4 

,34.54.10 

1.5.5043 

183986 

6 

4 

0.45 

0.0.54 

3.7 

-0.49 

D 

4 

3.S 

4po_4p 

(46) 

3194.23 

1,5.504.3 

186.340 

6 

4 

0.24 

0.024 

1.5 

-0.84 

D- 

4 

.3225.97 

155.551 

186340 

4 

4 

C.046 

0.0072 

0.30 

-1.54 

D- 

4 

3263., 57 

1.5.5708 

186340 

2 

4 

0.35 

0.11 

2.4 

-0.66 

D- 

4 

36 

mi. 4 

/.5.52.57 

I8668I 

12 

12 

2.0 

0.30 

.38 

0.56 

D 

4 

(47) 

31.39.02 

1.5.5043 

186891 

6 

6 

1.0 

0.15 

9.2 

-0.05 

D 

4 

.3212..52 

1.5.5,351 

186470 

4 

4 

0.096 

0.015 

0.63 

-1.22 

D 

4 

.3281.70 

1.5.5708 

186171 

2 

2 

0.73 

0.12 

2.5 

-0.62 

D 

4 

.3181.04 

15.5043 

186470 

6 

4 

0.53 

0.064 

4.0 

-0.42 

D 

4 

.324,3.69 

1.5.5.351 

186171 

4 

2 

2.0 

0.16 

6.7 

-0.19 

D 

4 

3169.67 

1.5,5.351 

18689! 

4 

6 

0.82 

0.19 

7.7 

-0.12 

D 

4 

.3249.80 

1,5.5708 

186470 

2 

4 

1.0 

0.32 

6.8 

-0.19 

D 

4 

37 

^D°~^D 

m2. 4 

157672 

188826 

20 

20 

0.65 

0.14 

.36 

0.45 

D 

4.  Sn 

(54) 

3780.84 

1572.34 

183676 

8 

8 

0.94 

0.20 

20 

0.20 

D 

4 

.3826.81 

15767,3 

183797 

6 

6 

0.15 

0.0.33 

2.5 

-0.70 

D 

Sn 

.3872.14 

1.58168 

183986 

4 

4 

0.19 

0.04.3 

2.2 

-0.76 

D 

4 

.3880.34 

1.58428 

184192 

2 

2 

0.22 

0.050 

1.3 

-1.00 

D 

4 

,3763.50 

1. 572.34 

18,3797 

8 

6 

0.14 

0.022 

2.2 

-0.75 

D  . 

.5n 

3799.38 

15767,3 

18,3986 

6 

4 

0..2.3 

0.0.3.3 

2.5 

-0.70 

D 

4 

.3841. .52 

1.58168 

184192 

4 

2 

0.27 

0.0.30 

1.5 

-0.92 

D 

4 

,3844.74 

15767.3 

18,3676 

6 

8 

0.047 

0.014 

1.1 

-1.08 

D 

4 

.3900.62 

158168 

183797 

4 

6 

0.082 

0.028 

1.4 

-0.95 

D 

4 

.3911. .57 

1.58428 

18.3986 

2 

4 

0.088 

(;.04() 

1.0 

-1.10 

D 

4 

.38 

(56) 

3.588.45 

1572,34 

18.509.3 

8 

10 

.3..39 

0.82 

77 

0.82 

C 

,5n 

.3.576.61 

15767.3 

18562.5 

6 

8 

2.77 

0.71 

50 

0.6.3 

C 

,5n 

3582.36 

1.58168 

186074 

4 

6 

.3.72 

1.07 

.51 

0.6.3 

C 

,5n 

.3.581.61 

1.58428 

186.340 

2 

4 

1.8 

0.69 

16 

0.14 

D 

4 

.3.521.26 

157234 

18.5625 

8 

8 

0.2.3 

0.04.3 

4.0 

-0.46 

D 

Sn 

.3.520.  (K) 

15767.3 

18rK)74 

6 

6 

0.80 

0.15 

10 

-0.05 

U 

Sn 

.3.548.. 52 

1.58168 

186.340 

4 

4 

1.1 

0.21 

9.7 

-0.08 

5> 

4 

.3487.32 

15767.3 

186.340 

6 

4 

0.027 

0.003.3 

0.23 

-1.70 

D 

4 

39 

•D°-'P 

(57) 

,3370.93 

1572,34 

186891 

8 

6 

0.059 

0.0075 

0.67 

-1.22 

D 

4 

.3421.62 

15767,3 

186891 

6 

6 

0.09.3 

0.016 

1.1 

-1.02 

D 

4 

.3V50.3.  6 

1.58428 

186171 

2 

2 

0.065 

0.01,3 

().,30 

-1..59 

i) 

A 

1* 

.3.56.5.0.3 

158428 

186470 

2 

4 

1.1 

0.42 

9.8 

-0.08 

D 

4 

40 

(59) 

,3,379.46 

1572.34 

186816 

8 

8 

().()2() 

().(K«4 

0.30 

-1..57 

D- 

4 

3430.42 

15767.3 

186816 

6 

8 

0.0.58 

0.014 

0.92 

-1.08 

D- 

.3397.90 

1.58168 

187.589 

4 

6 

0.027 

0.0070 

0.31 

-1..5.5 

D- 

4 

41 

(65) 

.3988. 16 

1.587.50 

18.3797 

6 

6 

0.0.50 

0.012 

0.94 

-1.14 

D- 

4 

4065.11 

159.393 

183986 

4 

4 

0.015 

0.00.37 

0.20 

-1.R3 

0- 

4 

.39.58.38 

1.58730 

183986 

<» 

0.0.33 

0.00.52 

0.40 

-1.51 

D- 

4 
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Am.  Allowed  Transitions  — Con/inuef/ 


No. 

Transition 

Multipifi 

\(  \) 

Fitctn"') 

Fi‘(t)cin'') 

tik 

K.dO" 

h 

.S(at.u.) 

l")i 

Accu- 

Source 

Array 

SCI-  ') 

racy 

42 

(67) 

.37 1 7. 17 

I.';a730 

1R5625 

6 

8 

().().3() 

().(K)8.3 

0.61 

-  I..30 

D- 

4 

.36.56.05 

1.587,30 

186074 

6 

6 

01.3 

().()2/) 

1.9 

-0.81 

I) 

MWM 

159,39.3 

186340 

4 

4 

0.05.3 

0.011 

()..5.3 

-  1.36 

D- 

1 

43 

(68) 

35.5().().3 

1.58730 

i8689l 

6 

6 

0.024 

().(K)45 

()..32 

-  I..57 

D- 

4 

44 

> 

1 

O 

a 

(69) 

3(KK).44 

159.393 

192.(2 

4 

4 

1.5 

0.20 

8.0 

-0.10 

I) 

1 

45 

2D°-4' 

.3.5.5/./ 

/.58W.5 

IH7I47 

10 

14 

.3.9 

1.0 

120 

l.(KI 

1) 

4 

(70) 

3.5.59., 51 

1,58730 

186816 

6 

8 

3.9 

0.99 

69 

0.77 

1) 

1 

3545.60 

159,39,3 

187589 

4 

6 

.3.4 

().% 

45 

()..58 

I) 

4 

.3464.13 

1 587,30 

187589 

6 

1 

6 

0.37 

0.067 

4.6 

-O.IO 

1) 

4 

46 

(71) 

327.3.32 

159.39.3 

18<W.3.5 

I 

2 

0.37 

O.OIO 

1.3 

-0.92 

I) 

4 

;;204..32 

1.59.393 

1<K),592 

4 

4 

().)() 

0.062 

2.6 

-0.61 

1) 

1 

47 

(81) 

.)8.55. 16 

l()()239 

18/)171 

I 

t 

2 

0.01.5 

().(K)|7 

0.085 

-2.17 

D- 

1 

48 

1 

1 

! 

(82) 

.3()55.28 

l()()239 

187589 

t 

6 

0.23 

().()/)9 

3.3 

-()..56 

D- 

1 

49 

•iJX'  —  jp 

.mii.i 

IMKKtl 

/w./r/ 

6 

6 

2.7 

0.15 

29 

0. 13 

1) 

4 

(8,3) 

3293.64 

l«)239 

1<)0.592 

4 

1 

1.7 

0.28 

12 

0.0.5 

I) 

4 

3307.23 

15970/) 

189935 

2 

2 

.3.1 

()..5/) 

12 

().()5 

1) 

4 

3366.  .59 

1602.39 

I8W3.5 

4 

2 

0.11 

0.035 

1.5 

-0.85 

I) 

1 

.3236.81 

1.5970/) 

l'/0.592 

2 

4 

0.52 

0.16 

3.5 

-0.49 

I) 

4 

.50 

2|>  -21) 

3093.40 

l/)()239 

192.557 

t 

6 

4.4 

0.95 

39 

()..58 

I) 

4 

.3028.91 

1.5970/) 

192712 

2 

4 

2.3 

0.6.3 

1.3 

0.10 

1) 

4 

51 

(89) 

.3952.73 

161049 

1863 to 

4 

1 

0.35 

0.082 

4.3 

-0.48 

D- 

1 

52 

4_S=_(p 

1610)9 

IHfiftHI 

t 

12 

1.5 

!.l 

54 

O./vl 

1) 

4 

(90) 

.3868..52 

l/)l(H9 

18/)891 

4 

6 

1.9 

O./vl 

3:< 

O.ll 

I) 

4 

.39.32.5.5 

i6)(U9 

186470 

4 

1 

).l 

0.26 

13 

0.02 

I) 

4 

.3979.36 

161(09 

186171 

t 

2 

1.3 

0.15 

8.1 

-0.22 

1) 

1 

5.3 

2S“_2P 

(%) 

.3.388.  .53 

161089 

1<)0.592 

2 

4 

19 

0.65 

15 

0.11 

1) 

1 

54 

2S“-2I) 

.3161.37 

161089 

192712 

4 

!.■• 

0.54 

II 

0,0.3 

1) 

1 

55 

3/.n/.'- 

2p-2(; 

/.5.5/.5 

1704  7.^ 

imm 

14 

18 

4.0 

0.98 

160 

l.l  1 

1) 

4 

(106) 

3.561.0.3 

(705.30 

I9860t 

8 

10 

4.0 

0.95 

89 

0.88 

I) 

4 

.3.54.5.8) 

170401 

198.595 

6 

8 

.3.9 

0.98 

69 

0.77 

I) 

4 

.3.562.19  1 

1  /().5.30 

)  198595 

8 

8 

0.15 

0.029 

2.7 

-0 . 

1)  1 

4 
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\n. 


.V) 


Tranvition 

■\rra> 


r>rt 


•Vi 


60 


61 


62 


6:? 


61 


(V) 


66 


67 


Aril.  Allowed  Transitions  — Conftnuerf 


Mul(i|)lct 

A(  \) 

A'i(<  ni  ') 

AV)<-m-') 

A‘» 

A'a 

/*,(10" 

u 

.S(at.u.) 

l"}i «/ 

Source 

sec') 

racy 

/  704  7.5 

IWHOI 

11 

10 

0..31 

0.039 

6.1 

-  0.26 

1) 

4 

,1071 

3129.62 

1 70.3.30 

1W()80 

8 

6 

0.22 

0.029 

2.6 

-- 0.6.3 

D 

4 

3432.39 

170401 

l'm82 

6 

4 

0.32 

0.0.38 

2.6 

-0.64 

D 

4 

311  1.46 

170  401 

1W)80 

6 

6 

0.077 

0.01.3 

0.91 

-1.11 

D 

4 

.1.365  ..5 

/  704  7.5 

mum 

14 

14 

1.6 

0.27 

42 

0..38 

D 

4 

(1091 

3376.44 

170.3.30 

2(K»1.39 

8 

8 

1..3 

0.26 

23 

0.32 

1) 

4 

.33.30.93 

170401 

2(K»2.3.3 

6 

6 

1..3 

0.2.3 

17 

0.18 

D 

4 

3363.34 

1 70.3.30 

2(K(23.3 

8 

6 

0.1.3 

0.017 

1..3 

-0.87 

D 

4 

3.361.73 

170401 

2(KH39 

6 

8 

0.0.3'> 

0.(M)88 

0..39 

-  1.28 

D 

4 

(1 1.Sl 

36(M).22 

1722! 4 

l'W.32.3 

4 

4 

2.2 

0.4.3 

20 

0.24 

D 

4 

.3671.01 

172214 

19<>447 

4 

2 

0.71 

0.072 

.3.3 

-0..34 

U 

4 

!II6| 

3639.83 

172214 

I9W)80 

4 

6 

1.4 

0.42 

20 

0.2.3 

D 

4 

.3680.01) 

172816 

i9W82 

4 

1.2 

0.49 

12 

-0.01 

D 

4 

(128) 

3823.68 

1 7.3.39.3 

l‘m2.3 

6 

4 

0.76 

0.11 

8.4 

-0.18 

D 

4 

.3819.02 

1 73.348 

l'W.32.3 

1 

4 

0.tH).36 

7.9  X  10  ' 

0.040 

-2..30 

1) 

4 

sD°— 1) 

(129) 

.3803.17 

17.3.39.3 

1 '><11)80 

6 

6 

1.7) 

0.3.3 

24 

0.30 

I) 

4 

3796.60 

17.3.348 

l'><>680 

4 

6 

0.2.3 

0.081 

4.1 

-0.49 

D 

4 

.1729.6 

/  7.1.1 7.5 

■2Mim 

10 

11 

2.3 

0.67 

82 

0.83 

D 

4 

(l.'ll! 

3737.89 

1 7.3.39.3 

2001.39 

6 

8 

2.3 

0.64 

47 

0..38 

D 

4 

3718.21 

1 7.3348 

2(K»23.3 

4 

6 

2.0 

0.62 

.30 

0..39 

1) 

4 

3724..32 

1 73.39.3 

2(Kt23.3 

6 

6 

0.34 

0.071 

.3.2 

-0.37 

D 

4 

4|> 

.17.14.0 

1.5.52.57 

IH'MU) 

12 

12 

1.1 

0.23 

.34 

0.44 

D 

4 

(42) 

376.3.27 

1 .3.3043 

181.394 

6 

6 

O.'IB 

0.21 

13 

0.10 

1) 

4 

3720. 43 

1.3.3.3.3  4 

182222 

4 

1 

0.17 

0.03.3 

1.7 

-0.83 

D 

4 

.3W)‘».6I 

13.3708 

182'>.3I 

2 

2 

0.026 

0.6.3 

-  1.28 

1) 

4 

.3678.27 

1.3.30  4.3 

182222 

1) 

4 

0.0.34 

2.3 

-0.69 

D 

4 

.3622. 14 

1.3.3.3.34 

182'>.31 

4 

2 

0.64 

0.0().3 

.3.0 

-O.W) 

1) 

4 

.380<1.46 

1.3.3.3.3  4 

181.394 

4 

6 

0.4-1 

0.14 

7.2 

-0.23 

1) 

4 

.3770..32 

1.3.3708 

182222 

2 

4 

0.11 

0.17 

4.3 

-0.47 

1) 

4 

(43) 

.36.30.89 

1.3.3708 

18.3091 

2 

1 

0.12 

0.048 

1.2 

-1.02 

D- 

4 

1 

(32) 

41  ('.’.91 

1.372.3  4 

181.3'>4 

8 

6 

1.2 

0.23 

2.3 

0.26 

1) 

4 

40.3.3.32 

1.38168 

182'>.3I 

4 

•) 

0.'>8 

0.12 

6.3 

-0..32 

1) 

4 

4I79..30 

1.37673 

I81.3'>4 

6 

6 

0.1.3 

0.0.34 

2.8 

-0.69 

1) 

4 

4I.36.(N 

1.38168 

182222 

4 

4 

0..39 

0.10 

n.n 

-0.40 

1) 

4 

4076.64 

1.38428 

182'>.3I 

•> 

2 

0.80 

0.20 

3.3 

-0.40 

1) 

4 

(53) 

4011.20 

1.38168 

18.30'>l 

4 

4 

0.0.31 

0.(H)7.3 

0.40 

-1  .32 

D- 

4 

(63) 

42.3.3.60 

1 .387.30 

182222 

6 

4 

0.021 

0.(M).38 

0.32 

-1.64 

D- 

4 
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Aril.  Allowed  Transitions  — 


Aril 

Forbidden  Transitions 

Tile  line  i^treiii'lli  fur  the  <iiie  Iransiliiiii  in  llie  ground  slule  ronfigiirulioii  is  u  strniglit  iiiinilier. 
tabulated  for  example  by  Na(|vi  |1|.  The  traiisitbui  probability  sboiild  also  be  quite  ae»  urate, 
since  the  energy  level  difference  is  accurately  kiioHii. 

KefereiH'e 

|t|  Naqvi.  A.  M..  Thfsis  Harvanl 


Aril.  Forbidden  Transitions 


No. 

Transition 

.Array 

Multi|ilet 

A(  A) 

/■•'((ein  ') 

f./itcin  ') 

A'. 

A'/;- 

Type  of 
Transi¬ 
tion 

(ditsec  ') 

1 

.S'(  at.u. ) 

1 

.Aeeii- 

racy 

Sou  ree 

1 

3/r’-3/i' 

•2po_.|J|o 

[69842] 

0 

1431  41 

4 

2 

tn 

().(), 326 

1 .33 

A 

1 
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1 


Ar  111 


(Ground  State 


l5*2i22p«3i*3/><  *P2 


Ionization  Potential 


40.90  eV  =  329965.80  cm-' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  (Aj 

No. 

Wavelength  [A] 

No. 

871. (I'M 

1 

■  '  ■■■■—'  '  1 

2345.17 

6 

3344.72 

10 

875., 534 

1 

2484.11 

4 

33.52.2 

10 

878.728 

1 

2493.0 

4 

33.58.49 

10 

879.622 

1 

2499.9 

4 

3361.3 

10 

883.179 

1 

2.508.91 

4 

3368.8 

10 

887.404 

1 

2518.2 

4 

3391.85 

7 

1669.1 

2 

2.524.5 

4 

3424.3 

7 

11)69.3 

2 

2.5.33.92 

4 

3438.0 

7 

11)69.67 

2 

2631.90 

5 

3471.4 

7 

167.3.2 

2 

26.32.4 

5 

3472.6 

9 

1673.43 

2 

2660.2 

.5 

3480..5.5 

9 

167,'').  5 

2 

2677.9 

5 

3498.1 

7 

1675.6 

2 

2678.38 

5 

3498.3 

7 

1675.64 

2 

2724.84 

5 

3499.67 

9 

1914.40 

3 

274.3.9 

5 

3500.5 

9 

1914.7 

3 

3024.0.5 

11 

3502.7 

9 

I9I5..56 

3 

3027.1 

11 

3.503..58 

9 

1918.1 

.3 

.3037.0 

11 

3511.7 

9 

I9|8.t) 

3 

30.54.82 

11 

1919.5 

3 

.3064.77 

11 

2242.29 

6 

.3078.15 

11 

22.18.7 

6 

3285.a5 

8 

2263.2 

6 

.3,301.88 

8 

2282.21 

6 

3.311.25 

8 

2297. 1 

6 

.3.3.36.1.3 

10 

_ 

Lawrence  [1]  has  accurately  measured  the  lifetime  of  the  first  excited  state  with  the  delayed- 
('(lincidence  method.  Using  AS-coupling.  we  have  derived  the  /-values  for  all  components  of  the 
resonance  multiplet.  For  numerous  other  transitions,  including  those  involving  shell-equivalent 
electrons,  the  Coulomb  approximation  has  been  employed  in  order  to  have  data  available  for  some 
of  th“  more  prominent  lines  in  this  spectrum.  From  the  general  success  of  this  method  and  from 
comparisons  with  analogous  transitions  in  other  ions,  uncertainties  of  50  percerit  are  normally 
expected;  however,  the  uncertainties  sinmid  be  somewhat  larger  for  those  transitions  involving 
shell-equivalent  electrons. 

Reference 

(1|  l.awTcnce.  (t.  M..  private  communication  (1968)  and  to  be  published. 
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Ann.,  Allowed  Transitions 


Nci. 

Transiliitn 

Array 

Muliiplci 

XI  A) 

/vf'fnr') 

A'n(cni‘' ) 

f-'i 

tik 

/AidO" 

sec-') 

h: 

.S(al.u.) 

lop.  '■ 

Accu- 

rary 

.Siiurcc 

1 

3,:*3/>^- 

3p_..1po 

879.06 

545 

114505 

u 

9 

2.82 

0.0327 

0.85 

-()..33 

c 

1 

SiS/r* 

(1  uv) 

£73.728 

0 

113801 

.3 

.3 

2.11 

0.024.3 

0.354 

-0.91 

c 

/.v 

879.622 

1112 

114798 

3 

3 

0.70 

0.0082 

0.071 

-1.61 

c 

h 

871.099 

0 

1 14798 

.3 

3 

1.21 

0.0082 

0.118 

-1.387 

c 

Is 

87.S..S34 

1112 

11.3328 

3 

1 

2.84 

0.0109 

0.094 

-1.48.3 

c 

Is 

887.404 

1112 

113801 

3 

,3 

0.68 

0.0135 

0.118 

-1.393 

c 

Is 

883.179 

1,370 

114798 

1 

3 

0.92 

0.0323 

0.0<44 

-1.491 

c 

Is 

2 

3/>’3(/- 

'D°-“P 

(6  uv) 

1669.67 

144907 

204797 

9 

7 

1.7 

0.0.34 

2.7 

-0.31 

K 

III.  Is 

1673.43 

144893 

204649 

7 

5 

1.2 

().tt36 

1.4 

-()..39 

K 

ni.  Is 

167.S.64 

144886 

204.363 

.3 

3 

0.76 

0.019 

()..33 

-  1 .02 

K 

III.  Is 

[1669.3 

144893 

204797 

7 

7 

0.43 

0.018 

0.70 

-0.90 

K 

III.  Is 

(1673..S 

14489,3 

2046.49 

5 

.3 

0.76 

().()32 

0.88 

-0.80 

F. 

III.  Is 

[167.S.6 

144883 

204.36.3 

3 

.3 

0.97 

0.(441 

0.68 

-0.91 

K 

III.  Is 

[1669.1 

144886 

204797 

s 

7 

0.(>62 

().(K)36 

0.10 

-  1.74 

K 

III.  Is 

[1673.2] 

1448a3 

204649 

3 

5 

0.20 

0.014 

0.2.3 

-1..39 

K 

III.  Is 

3 

;|[)»_3P 

/9/.5.6 

7,3694.7 

20014.5 

1.3 

9 

2.1 

0.071 

6.7 

0.03 

K 

ni 

(7  uv) 

1914.40 

1.36918 

2091.32 

7 

.3 

1.8 

0.071 

3.1 

-0.31 

K 

Is 

I91.S..S6 

1.3692,3 

209127 

5 

3 

1.6 

0.0.33 

1.7 

-()..38 

F, 

Is 

[1918.1 

1,370,31 

20<JI66 

.3 

1 

2.1 

().()3‘; 

0.73 

-  0.93 

K 

Is 

[1914.7 

1,3692.3 

20<n.32 

5 

0.32 

0.018 

()..36 

-  1.0.3 

K 

Is 

[I919..S 

1.37031 

20<n27 

3 

3 

()..34 

().()3() 

0..36 

-  1.03 

K 

Is 

[1918.6] 

1.370.31 

20<n.32 

3 

.3 

0.021 

0.(K)20 

0.037 

-2.23 

E 

Is 

4 

3p»3»/'  - 

2504.1 

/«6606 

226.520 

21 

21 

0.31 

0.029 

.3.1 

-0.21 

E 

f'lt 

3p''(=*D°)4p' 

(8  uv) 

2484.11 

186402 

226646 

9 

9 

0..3() 

0.027 

2.0 

-0.61 

E 

Is 

2.308.91 

1866.37 

226.303 

( 

1 

0.26 

0.023 

14 

-0.76 

E 

Is 

2.3.33.92 

186903 

226.3.36 

5 

0.27 

0.026 

1  1 

-0.88 

E 

Is 

2t93.() 

186402 

226.30.3 

9 

7 

0.02.3 

().(K)I8 

0.14 

-1.78 

E 

Is 

2.318.2 

1866.37 

2263.36 

7 

.) 

0.0.34 

0.(K)23 

().!  : 

-1.79 

E 

Is 

2499.9 

1866.37 

226f»4r) 

7 

9 

0.020 

0.(K)24 

0.14 

-  1.78 

E 

Is 

2.324..3 

186<70.3 

226.303 

5 

7 

0.02.3 

().(K).33 

0.14 

-  1.79 

E 

Is 

5 

?D°— ’D 

2690 ..7 

mum 

22.5268 

1.3 

1.3 

0.48 

0.032 

7.0 

-0.10 

E 

i'(t 

(9  uv) 

2724.84 

188714 

22.3403 

7 

7 

0.42 

0.(447 

3.0 

-0.48 

[•; 

Is 

2678.38 

18782.3 

22.3148 

5 

0.34 

0.036 

1.6 

-0.74 

E 

Is 

2631.90 

187171 

22.31.3.3 

3 

3 

0.37 

0.039 

1.0 

-0.93 

E 

Is 

[2743.9 

188714 

22.3148 

7 

0.()73 

().(X).39 

0.37 

-  I..39 

E 

Is 

[2677.9 

18782.3 

22.31.3.3 

.> 

3 

0.12 

().(H)78 

0.3.3 

-  1.41 

E 

Is 

[2660.2 

187823 

22.340.3 

i 

0.().3.3 

().(H)8I 

0.36 

-  I..39 

E 

Is 

(2632.4 

I87I7I 

22.3148 

3 

5 

0.073 

0.0 13 

0.34 

-  1.41 

E 

Is 

6 

.ID"-. ip 

2.W4.8 

IH8103 

251485 

1,3 

9 

0.63 

0.031 

3.3 

-0.33 

E 

(fl 

(10  uv) 

234.3.17 

188714 

2.313.42 

7 

5 

0.34 

0.032 

1.7 

-  0.66 

E 

Is 

2282.21 

187823 

231627 

.3 

3 

0.49 

0.023 

0.87 

-0.94 

E 

Is 

2242.29 

187171 

2.317.3.3 

.3 

1 

0.67 

0.017 

0.37 

-  1.30 

E 

Is 

[2297. 1 

187823 

231342 

5 

5 

0.0<J8 

().(H)77 

0.29 

-1.41 

E 

Is 

[2248.7 

187171 

231627 

.3 

3 

0.17 

0.01.3 

0.28 

-  1 .42 

E 

Is 

[2263.2 

187171 

231.342 

,3 

.3 

().0()66 

8.3  X  |()-^ 

0.019 

-  2.60 

E 

Is 

7 

3(W- 

ip>,_=p 

.74.72.6 

2141.52 

245276 

9 

9 

0.23 

0.044 

4.4 

-0.41 

E 

ni 

3p’(='P'')4p" 

(6) 

3391.8.3 

2139.31 

24  3  42.3 

.3 

0.19 

0.033 

1.8 

-0.79 

E 

Is 

3471.4 

214347 

243146 

3 

.3 

0.060 

0.011 

0.37 

-  1 .49 

E 

Is 

3424.3 

2139.31 

24.3146 

5 

3 

9.10 

0.011 

0.61 

-  1.26 

E 

Is 

3498.3 

214347 

242924 

3 

1 

0.24 

0.01.3 

()..3() 

-  1.36 

E 

Is 

34,38.0 

214.347 

24,342.3 

3 

.3 

0.062 

0.018 

0.62 

-1.26 

E 

Is 

3498. 1 

214.368 

243147 

1 

3 

0.079 

0.044 

()..3() 

-I..36 

E 

Is 
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Transiliiin 

Array 


;5/r'‘(2D°4/»' 


lultiplet 

A(A) 

A'iicm"') 

Attcm*') 

A'l 

A'* 

didlO" 

sec"') 

ft 

5(at.u.) 

Accu¬ 

racy 

Source 

.7296.6 

174375 

204701 

5 

15 

2.0 

0.99 

.54 

0.69 

D 

ca 

(1) 

.32a5.as 

174375 

204797 

5 

7 

2.0 

0.46 

25 

0.37 

D 

is 

3301.88 

174.375 

204649 

5 

5 

2.0 

0.33 

18 

0.22 

D 

is 

3311.2.S 

174375 

204.564 

5 

3 

2.0 

0  20 

11 

-0.01 

D 

is 

D°-''D 

:m2.i 

196640 

225268 

15 

15 

1.7 

0.32 

.54 

0.68 

D 

ca 

(2) 

3480.. S.S 

196680 

22.5403 

7 

7 

1.6 

0.28 

23 

0.29 

D 

is 

3.503..S8 

196614 

225148 

5 

5 

1.2 

0.22 

13 

0.04 

D 

is 

3499.67 

196.589 

2251.55 

3 

3 

1.3 

0.24 

8.1 

-0.15 

D 

is 

.3.511.7 

196680 

225148 

7 

5 

0.26 

0.035 

2.8 

-0.61 

D- 

is 

.3.502.7 

196614 

2251.55 

S 

3 

0.43 

0.047 

2.7 

-0.63 

D- 

is 

3472.6 

196614 

22.5403 

5 

7 

0.20 

0.049 

2.8 

-0.61 

D- 

is 

[3.5(X)..5] 

196.589 

225148 

3 

5 

0.26 

0.078 

2.7 

-0.63 

D- 

is 

D°-^V 

:i:i44.8 

1 ‘46640 

226529 

15 

21 

2.0 

0.46 

76 

0.84 

D 

ca 

(3) 

.3336.13 

196680 

226646 

7 

9 

2.0 

0.43 

33 

0.47 

D 

is 

.3.344.72 

196614 

226.503 

5 

7 

1.8 

0.41 

23 

0.31 

D 

Is 

.3.3.58.49 

1%.589 

2263.56 

3 

5 

1.6 

0.46 

15 

0.14 

D 

is 

.3352.2 

196680 

226.50.3 

7 

7 

0.22 

0.037 

2.8 

-0.59 

D- 

is 

.3361.3 

196614 

2263.56 

5 

5 

0.30 

0.051 

2.8 

-0..59 

D- 

is 

[3368.8 

196680 

2263.56 

7 

5 

o.ooa5 

0.0010 

0.081 

-2.15 

E 

is 

:mi.4 

207882 

240252 

9 

15 

2.5 

0..58 

.52 

0.72 

D 

ca 

(4) 

3024.0.5 

207233 

240292 

5 

7 

2.6 

0.49 

24 

0.39 

D 

is 

30.54.82 

207,5,32 

2402.58 

.3 

5 

1.9 

0.44 

13 

0.11 

D 

is 

3078.15 

207673 

240151 

1 

.3 

1.4 

0.58 

.5.9 

-0.24 

D- 

is 

[3027.1] 

207233 

2402.58 

5 

5 

0.64 

0.088 

4.4 

-0.36 

D- 

is 

3064.77 

207532 

240151 

3 

3 

1.0 

0.15 

4.4 

-0.36 

D- 

is 

[,3037.0] 

207233 

240151 

5 

3 

0.070 

0.0058 

0.29 

-1..54 

E 

is 

Ann 

Forbidden  Transitions 

The  adopted  values  have  been  derived  from  Naqvi  [1],  and  Czyzak  and  Krueger  [2].  Since 
their  methods  are  essentially  alike,  Naqvi’s  and  Czyzak  and  Krueger’s  magnetic  dipole  transitions 
have  been  averaged,  except  for  the  •''P— 'S  transition  where  configuration  interaction  is  important. 
In  this  case  Czyzak  and  Krueger's  empirically  derived  value  has  been  preferred  over  Naqvi’s,  which 
is  based  purely  on  the<»ry  (see  also  Genetal  Introduction). 

References 

|1|  Naqvi,  A.  M..  Thesis  Harvard  (1951). 

(2j  Czyzak.  S.  J.  &  Krue(f;er,  T.  K.,  Mimthly  Niitices  Roy.  Astion.  Sue.  126,  177-194  (1963). 
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Ar  UI.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

— '  '  — r 

X(.4) 

F,;eni  ') 

/•,V(em  ') 

m 

Mk 

i 

Type  <if! 
Transi¬ 
tion 

■Ik (see  ') 

.S(at.u.) 

Accu¬ 

racy 

Souree 

1 

3p_ap 

1 

898% 

0.00 

1112.1 

5 

3 

e 

3.62  X  10-’ 

2 

1 

898% 

0.00 

1112.1 

5 

3 

m 

0.0308 

2.49 

B 

1 

63669' 

0.00 

5 

1 

e 

2.72X  10-« 

1.69 

mm 

2 

[21.823  X  10<] 

1112.1 

3 

1 

m 

0.00519 

2.00 

n 

1 

2 

aP-'D 

(IF) 

7135.80 

0.00 

14010.0 

5 

5 

e 

0.0014 

0.077 

D 

2 

7135.80 

0.00 

5 

5 

m 

0.0321 

0.00216 

C 

1.  2 

7751.06 

1112.1 

3 

5 

e 

1.3X  10-* 

0.011 

D 

2 

7751.06 

1112.1 

3 

5 

m  1 

0.083 

0.0072 

[8036.5] 

1570.20 

1 

5 

e 

2.9X  10-* 

0.0029 

H 

3 

»P-'.S 

■ 

(2F) 

3005.1 

0.00 

33265.7 

5 

1 

e 

0.043 

0.0062 

3109.0 

1112.1 

33265.7 

3 

1 

m 

4.02 

0.00448 

i^HI 

2 

4 

•D-'S 

(3F) 

5191.82 

14010.0 

33265.7 

5 

1 

e 

3.10 

7.0 

c 

2 

Ground  State 
Ionization  Potential 


Ar  IV 


Allowed  Transitions 

List  of  tabulated  lines: 


59.79  eV  =  482400  cnr' 


Wavelength  [A| 

No. 

Wavelength  (A) 

No. 

Wavelength  |A] 

No. 

840.029 

1 

2640.34 

3 

2809.44 

2 

843.772 

1 

2682.6 

3 

2818.3 

2 

8.50.602 

1 

2757.92 

5 

2830.3 

2 

2.562.1 

3 

2776.26 

2 

28.52.0 

2 

2.565.5 

3 

2782.9 

5 

2874.4 

2 

2.568.1 

3 

2784.47 

5 

2913.0 

4 

2608.06 

3 

2788.% 

2 

2926.3 

4 

2615.7 

3 

2797.1 

2 

.3037.98 

4 

Lawrence  [1]  has  accurately  measured  the  lifetime  of  the  first  excited  state  with  the  delayed- 
coincidence  method.  Using  LS-coupling,  we  have  derived  the /values  for  all  components  of  the 
resonance  multiplet.  For  several  other  transitions  the  Coulomb  approximation  has  been  employed 
in  order  to  have  some  data  on  the  more  prominent  lines  in  this  spectrum.  From  the  general  success 
of  this  method  and  from  comparisons  with  analogous  transitions  in  other  ions,  uncertainties  of 
50  percent  are  expected;  however  these  estimates  should  be  regarded  as  provisional. 

Referenee 

(1|  Lawrence,  C.  M.,  private  cummunicalion  (1968)  and  lu  be  published. 
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ArIV.  Allowed  Transitions 


Transition  Multiple! 
Array 


A'((cm-')  A’/tlcm-')  ft  a 


-0.463  C 


AriV.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

A'i(cm“‘) 

A’jlcm') 

fit 

Ml; 

Type  of 
Transi¬ 
tion 

■lulsec  ') 

.S'(al.u.) 

Accu¬ 

racy 

Source 

1 

(IF) 

4711.33 

0.00 

21219..S 

4 

6 

/?/ 

0.00160 

3.72  X  10-’ 

c 

1 

4711.33 

0.00 

21219.5 

4 

6 

e 

0.0080 

0.066 

1 

4740.20 

0.00 

21090.3 

4 

4 

//I 

0.00113 

c 

1 

4740.20 

0.00 

21090.3 

4 

4 

e 

D 

1 

2 

2853.6 

0.00 

3.5032.3 

4 

4 

/// 

2.55 

1 

2833.6 

0.00 

3.5032.3 

4 

4 

e 

1.6  X  10-’ 

7.0  X  10-“ 

1 

2868.2 

0.00 

348.55.4 

4 

2 

m 

0.97 

0.00170 

c 

1 

2868.2] 

0.00 

34a5.5.4 

4 

2 

e 

1.2  X  10-* 

2.8X  10-’ 

1 

3 

77.38  X  10^] 

21000.3 

21219.5 

4 

6 

m 

2.33  X  10-’ 

2.40 

A 

1 

[77..38X  10<] 

21090.3 

21219.5 

4 

6 

e 

1.1  X  10-'’ 

0.11 

1 

4 

2jjo_jp 

(2F) 

7237.26 

21219.5 

3.5032.3 

6 

4 

m 

0.444 

0.0249 

C 

1 

7237.20 

21219.5 

3.5032.3 

6 

4 

e 

0.226 

10.7 

C 

1 

7262.76 

21090.3 

34855.4 

4 

2 

/// 

0.488 

0.0139 

C 

1 

7262.76 

21090.3 

34855.4 

4 

2 

e 

4.57 

C 

1 

7332.0 

21219.5 

348.55.4 

6 

2 

e 

0.122 

3.08 

C 

1 

7170.62 

21090.3 

35032.3 

4 

4 

m 

0.81 

0.0445 

C 

1 

7170.62 

21090.3 

3.5032.3 

4 

4 

e 

0.098 

4.42 

C 

1 

5 

2po_ap>o 

[.56..51 

X  1(P] 

;l4a55.4 

a5032.3 

2 

4 

m 

4.97  X  lO-’ 

1.33 

A 

[.56..51 

X  HP] 

34a53.4 

3.5032.3 

2 

4 

_ 

e 

4.1  X  10-'’ 

0.0.55 

1 

t 


ArV 

Ground  State  ls''^2s''^2/<®3s*3/;^®Po 

Ionization  Potential  75.0  eV  =  605100  cm"' 

Allowed  Transitions 

A  value  is  available  for  one  multiplet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  [1].  This  result  should  be  quite  uncertain  (probably  too  high,  as  judged  from  com¬ 
parisons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not 
been  taken  into  account. 


ArV.  Allowed  Transitions 


No. 

Transition 

Array 

Mulliplet 

a(A) 

_ i 

£((cm-‘) 

i 

" 

-4w(10" 

sec"') 

fik 

S(at.u.) 

logfif 

\  j 

Accu¬ 

racy 

Source 

1 

—  3s3/t’ 

.ip._3D° 

8.30.04 

1:384 

1217:30 

9 

15 

29 

0..50 

12 

0.66 

E 

1 

(1  uv) 

1 

1 

834.878 

2032 

121810 

5 

7 

29 

0.42 

5.8 

0.32 

E 

Is 

327.0.5.5 

765 

121678 

3 

5 

22 

0..38 

3.1 

0.06 

E 

Is 

822.1.59 

0 

121632 

1 

3 

17 

0.51 

1.4 

-0.29 

E 

li 

835.80 

2032 

121678 

5 

7.2 

0.075 

1.0 

-0.43 

E 

Is 

827.36' 

765 

121632 

3 

3 

12 

0.13 

1.0 

-0.42 

E 

Is 

[836.12] 

i 

J 

2032 

121632 

5 

3 

0.80 

0.0051 

0.070 

-1.60 

f; 

Is 

Ar  V 

Forbidden  Transitions 

The  adopted  values  have  been  derived  from  Naqvi  [1],  and  Czyzak  and  Krueger  [2].  Since 
their  methods  are  essentially  alike,  Naqvi’s  and  Czyzak  and  Krueger’s  magnetic  dipole  transi¬ 
tions  have  normally  been  averaged,  except  for  the  ®P— 'S  transition  where  configuration  inter¬ 
action  is  important.  In  this  case  Czyzak  and  Krueger’s  empirically  derived  value  has  been  preferred 
over  Naqvi’s,  which  is  based  purely  on  theory  (see  also  General  Introduction). 

References 

(I|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 

|2]  Czyzak,  S.  J.  &  Krueeer,  T.  K..  Monthly  Notices  Roy.  Asiron.  Soc.  126,  177-194  (1%3). 


ArV.  Forbidden  Transitions 


Nn., 

Transition 

Array 

Multiple! 

1 

3/t2-3/t2 

.ip-.np 

2 

3P_ID 

(IF) 

3 

1 

I 

.ip-iS 

4 

(2F) 

X(A) 

£i(cm-') 

£V(cm- ') 

Type  of 
Transi¬ 
tion 

S(al,u.) 

Accu¬ 

racy 

Source 

[13.07  X  1(P] 

0 

765 

1 

3 

m 

0.00805 

2.00 

A 

1 

491991 

0 

1 

5 

e 

1.33X  10-« 

1.14 

C 

2 

78905 

765 

3 

5 

m 

2.49 

B 

1 

[78'X).)1 

765 

2032 

3 

5 

e 

'2.79  X  10-’ 

2.,54 

C 

2 

6131.0 

0 

16301 

1 

5 

e 

4.9  X  10-^ 

0.0013 

D 

2 

6435.10 

765 

16301 

.3 

5 

m 

0.223 

0.0110 

C 

1.2 

6435, 10 

765 

mmm 

.3 

5 

e 

.3..5X  lO-i 

0.011 

D 

2 

7005.67 

2032 

16301 

.5 

5 

m 

0..52 

0.0329 

V. 

1.2 

7005.67 

2032 

1630] 

5 

5 

e 

D 

2 

[2691.1] 

765 
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1 

nt 
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H 

2 
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ArVi 


Ground  State  \s^2s^2|l•>'^s^'^|>^% 

Ionization  Potential  01.3  eV  =  7366(M)  c'in“' 

Allowed  Transitions 

The  screening-approximation  calculations  of  Varsavsky  [1]  for  the  3s“3/j  3s3/j^  inuiti- 

plet  are  considered  to  be  rather  uncertain  (pntbably  too  high,  as  judged  from  comparisons  in  other 
ions)  since  the  important  effects  of  configuration  mixing  are  neglected  entirely.  Gruzdev  and  Pro- 
kofev  [2]  have  carried  out  Coulomb  approximation  calculati<ins  modified  with  the  Seaton  correc¬ 
tion  for  the  .3p  “P— 4s*S  multiplet;  these  results  should  be  reliable  to  within  2.“)  percent,  as  judged 
from  plots  depicting /-value  dependence  on  nuclear  charge. 

References 

(I)  Varsavsky,  C.  M.,  Asiruphys.  J.  Suppl.  Ser.  6,  No.  53.  75  (1961). 

[2|  Gruzdev,  P.  F.,  and  Pnikofev,  V.  K..  Opiic-s  and  Speclroseopy  (U.S.S.R.)  21,  151-1.52  (1966). 

Arvi.  Allowed  Transitions 


Ar  VI 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  num¬ 
ber,  tabulated  for  example  by  Naqvi  [1|.  The  transition  probability  should  also  be  quite  accurate, 
since  the  energy  level  difference  is  accurately  known. 

Reference 

(I I  Naqvi,  A.  M.,  Thesis  Harvard  (1951), 


ArVi,  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

mA) 

A,((cni  ') 

/■.'»(  cm  ') 

A'; 

Type  of 
Transi¬ 
tion 

4/,i(sc<-  ') 

.S(a!.ii.) 

iccu- 

racy 

.Source 

1 

3/<— ('S)3/< 

1 

1 

t 

-  — 1 

[4.5237] 

0 

2210 

2 

4 

m 

0.097 

1.33 

A 

1 
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(Iround  Slate 


ls^2s^2/A3s“  'So 


lonizalidn  Potential  124.0  eV=  1000400  cm”' 

Allowed  Transitions 

The  charge-expansion  technique  of  Crossley  and  Dalgarno  [1|,  which  includes  limited  con¬ 
figuration  mixing,  has  been  employed  for  the  majority  of  the  transitions  in  this  spectrum;  while 
(iruzdev  and  Prokofev  [2]  have  carried  out  Coulomb  approximation  calculations  modified  with 
the  Seaton  correction  for  the  3s3/)  "P°— 3s4s *S  multiplet.  For  many  of  these  transitions,  the  de¬ 
pendence  of  oscillator  strength  on  nuclear  charge  has  served  as  an  aid  in  estimating  accuracies. 

References 

|1|  (Iri)ssley.  K.  J.  S.,  and  Dalgarno.  A.,  Pioc.  hoy.  Soo.  London  A286,  510  (1965). 
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5 

5 
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51408:1] 

9 

.1 

278 
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Ar  VII 

Forbidden  Tran.sitions 

Naqvi's  calculations  (Ij  arc  the  only  available  .sourr'e.  The  resul's  for  the  transi¬ 

tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  '1’° 
Iransilion.s.  Naqvi  uses  empirical  term  intervals,  i.e..  the  effects  of  configuration  interaction  should 
he  partially  included. 

Referr'iice 

|t|  Natjvi.  A.  M..  Thesis  Harvani  (1^51). 
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ArVII.  F«»rbidden  Transitions 


No. 


rruMsitioM 

Array 


Multipict 


.■r|>o_i>xi 


X(M 


1 12.42  xl()<] 
[.V>470] 
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17.W.9 

1814.6 


.*■.',(<•01  'I 


[ll.W'.iJ 
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1 1  ;«)«.>] 
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ll,i.'.81] 


1 
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(id  sec  ') 
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- 

i 

lll.4<i(M»l 
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.4 

m 
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B 
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4 

.4 

m 
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It 
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1 
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m 
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C- 

1 
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4 

4 

m 
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C- 

1 

i 

170720 

.1 

4 

1 

m 
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0.7  X  to  ' 

(!  — 

ArVill 

(Iround  Slate 
Ionization  Potential 

Allowed  Transitions 

List  of  tabulated  lines: 


\\  aveh  nalh  I.A  | 

No. 

r 

\X’avelenf:lh  |.A| 

p,.,.-..  ■  -  . 

i\o. 

Wavelenalli  1  A 1 

No. 

120.09 

.4 

.4.47  ()»> 

6 

.414.90 

11 

120.16 

.4 

4.47.  :26 

6 

700.24 

1 

I.■l8.02 

2 

.4.48.22 

6 

71.4.81 

1 

1.49.17 

•) 

.419,4.4 

4 

1444.4 

10 

184.40 

8 

.426.4.4 

t 

146.4.9 

10 

229.41 

.426.87 

4 

1  16.4.. 4 

10 

2.40.88 

.442.94 

II 

187.4.2 

9 

260. .40 

i 

l«!0.9 

9 

( 

l.s'-2.s“2/»''.4.'i  -S| ; 
14.146  eV=  ll.')74(M)  eii,  ‘ 


Tlie  only  source  available  for  ibis  ion  are  the  eliaroe-expansion  "aleulations  of  (irossley  ami 
Dal;:uriio  [I]  wliieli  ineiiide  limited  eunfi”iirulion  mixino.  (irapliieal  eoinparisons  of  this  work  with 
more  ri-fiiied  values  within  the  isoeleetronie  se<|iienee  indicate  accuracies  within  2.’)  percent.  .V 
inii'.iher  of  additional  values  have  b«*en  olitained  Iroin  studies  ot  the  l-vahie  di'pendence  (>n  i>uclear 
( liaroe.  The  reliable  material  available  for  other  ions  of  this  iso(dectri>nic  se(|ue:ice  in  these  cases 
;>erinits  the  det(‘rmination  of  rtdiable  values  simply  by  graphical  interpolation. 

Keferein'c 

[1]  K.  .1.  S..  tUfii  i)jl;:jrnii.  I'nir,  Ko\.  Sim.  1  (UMlmi  A286,  SKK'^IH  ( 
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Ar  iX 


(Ground  State  l.s'2i'-2/>“ 'So 

Ionization  Potential  422.6  e\’ 

Allttwed  Transitiotis 

Calculations  by  Kastner,  Omidvar,  and  L'nderwood  [1|.  employinji  Hartree-Foek  wave  func¬ 
tions  and  ineludiiii!  intermediate  coupling!,  are  available.  Since  the  calculations  are  based  on  a 
.single-configuration  approximation  only,  uncertainties  of  up  to  .SO  percent  ar“  expected  for  the 
strong  lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  hy 
assumptions  about  the  coupling. 

Reference 

[I|  Kastner.  S.  O..  Omidvar.  K..  and  I'nderwnnd.  J.  tl..  Asirophys.  J.  148,  269-27.A  tl%7). 


ArIX.  Allttwed  Transitions 


No. 
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_ ! _ 
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Ar  X 

(Iround  State  !.s-2.s-2/»’’ -P?-. 

Ionization  Potential  y 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  nmnln  r, 
tabulated  for  example  hy  Nativi  [1|.  The  transition  probability  is  not  as  aet  iiriite.  since  the  energy 
level  difference  is  not  accurately  known. 

Reference 

[)|  NiMivi.  ,\.  M..  Tlifsis  ffiirvanf  (r'>r>U, 


Ar  X.  Forbidden  Transitions 


No. 

Tran  dtion 
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(Iround  State  1s*2s^2/j'* 'P; 

Ionization  Potential  ? 

F'ovbidden  Transitions 

Tlie  sources  used  in  derivin(i  the  adopted  values  are  Naqvi  (1|,  and  Malville  and  Berger  [2]. 
The  electric  quadrupole  value  ol"  Naqvi  has  been  modified  by  substituting  Malville  and  Berger  s 
quadrupole  moment  Sq,  since  this  is  obtained  from  self-consistent  field  wave  functions,  while  Naqvi 
used  the  less  elaborate  screened  liydrogenic  wave  functions. 

References 


in  Naiivi.  A.  M..  Thesis  Harvar.i  (I'/SI  I. 

|21  Malville.  J.  M.  and  Berber.  R.  A..  I’lanelary  and  S|>a<e  Seienee  13,  tl.3! 


Ar  XI.  Forbidden  Transitions 


No. 

Transiiiiin 

Array 
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1 
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1 
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1 

1 

(IF) 
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0 
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ArXill 

(iround  State  ls-2s-2//- “Po 

Ionization  Potential  ? 

Forbidden  Transitions 

Krueger  and  Czyzak's  [1|  values  have  been  used  for  this  ion,  except  for  the  magnetic  dipole 
’P»,  I  ”■ ’Pi,:i  transitions  where  Naqvi's  [21  results  have  been  applied.  Some  wavelength  data  are 
from  observed  coronal  lines.  The  electric  quadrupole  moment  (s,)  is  based  on  self-consistent 
field  wave  fun<‘tions  with  exchange. 

References 

(tl  Kruener.  T.  K.  and  Czyzak.  S.  J..  Asirnphys.  J.  144,  11V4-1202  (1966). 

|2|  Nai|vi.  .\.  M.,  Thrsis  Harvard  (1951). 
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ArXiiV 

(in»und  Stale  I.s“2.s='2/; -1’?  j 

Ionization  Potential  ? 


Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  stale  configuration  is  u  straight  nuniher. 
tabulated  for  example  by  Na(ivi  [1 1.  The  transition  probability  should  also  be  i|uilc  accurate,  since 
llic  enerav  level  difference  is  accurately  known 

Refereiioe 

(1]  Naqvi.  A.  M..  Thesis  Harvard  (1951). 


ArXlV.  Forbidden  Transitions 


No. 
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POTASSIUM 

Ki 


(iniund  Stale 


1s^2s*2/;«3sI'?/<«44  ^S, 


l(inizuii(in  Polenliul 


Allowed  Transitions 


4.339  eV  =  3.';0<)9.78  cm 


List  (if  tabulated  lines: 


Wavelenglb  (A] 

No. 

. 1 

Wavelenjith  |A] 

Nil. 

Wavelength  [A] 

1 

No. 

2927..S 

24  1 

6964.18 

35 

10904 

73 

2942.7 

23  1 

6964.69 

35 

10925 

81 

2%.t.2 

22  ' 

7.541.5 

66 

10927 

73 

2992.2 

21  1 

7618.9 

65 

10948 

81 

3034.8 

20  ' 

7664.91 

15  ! 

1 1022.3 

10 

3101.9 

19  1 

7698.98 

'  15 

11237 

72 

3217.15 

18 

7722.3 

64 

11261 

72 

3217.62 

18  1 

7865.5  ! 

63 

11270 

80 

3246.38 

1 

8037.3  i 

8 

11294 

80 

3247.41 

1 

8038.9  i 

8 

11690.2 

34 

4044.15 

16  ; 

8039.3 

8 

11744 

71 

4047.21 

16 

8072.5 

62 

11769.7 

34 

4741.6 

3.3 

,  8192.5 

7 

11770 

71 

4744.4  ! 

42  i 

8194.1 

7 

11772.8 

34 

47,54.6 

,33  I 

8194.6  1 

7 

11793 

79 

4757,4 

42  ' 

82.50.2  J 

14  i 

11820 

79 

4786,9 

32 

8251.7 

14  1 

124.32.2 

25 

4791,0 

41  ' 

8390.3 

61  1 

12.522.1 

25 

48(K),2 

i  ,32 

a391..5 

61  ' 

12526 

58 

4801.3 

!  i 

841 7.3 

6 

12540 

58 

4850,0 

,31  i 

8419.0 

6  i 

12.580 

70 

48,56.1 

40  ! 

8419,8 

6 

12610 

70 

4863.6 

31  ! 

850.3.5 

13 

12659 

78 

4869,8 

40  1 

a50.5.3 

13 

12690 

78 

4942,0 

1  30  1 

8763.0 

5  ^ 

13377.9 

2 

4950.8 

i  39  ; 

8765.4 

5 

1,3382 

2 

49,56.1 

,30  1 

8766.8 

5  ' 

13397.1 

2 

4%.5.0 

39 

8902.2 

12 

14153 

69 

.5084,3 

29 

8904.1 

12  : 

14191 

69 

.5097.2 

38  ' 

8923.5 

60 

14293 

77 

5099.2 

29  i 

8925,6 

60  1 

14332 

77 

5112.2 

38  ! 

9347.0 

4  ! 

14807 

50 

.532.3.4 

28  ! 

9.349,1  ; 

4  ! 

14810 

50 

53.39,8 

28 

9351.4 

4 

14811 

50 

.5.34,3.1 

37  I 

9.595.60 

11 

15163 

9 

53,59.6 

37  I 

9.597.76 

11  I 

15163.1 

9 

.5.3.59,7 

37 

9950.5 

59  1 

15168.4 

9 

5782.4 

27 

99.55.2 

.59 

1.5203 

49 

.5801.8 

27 

10479 

3 

15205 

49 

.5812.2 

36 

10484 

3 

15207 

49 

.5831.7 

36 

10487 

3 

15768 

48 

.58.31.9 

.36  1 

10672 

74 

15770 

48 

6911,1 

26 

10686 

82 

1.5772 

48 

69.36.27 

35  1 

l(i693 

74 

15984 

56 

69.38.8 

26  1 

10707  1 

82 

16622 

47 

Ki.  Allowed  Transitions— Confinuet/ 


Wavelength  [A] 

N(.. 

Wavelength  |A| 

No. 

Wavelength  (Aj 

No. 

1662S 

47 

2()6a5 

45 

31.591 

1 

16628 

47 

20690 

45 

36363 

67 

16963 

5.5 

20701 

45 

36613 

67 

17939 

68 

21945 

.53 

37072 

75 

18000 

68 

27068 

57 

37335 

75 

18029 

46 

27ia5 

44 

31348 

75 

18033 

46 

27193 

44 

62068 

43 

18038 

46 

27206 

57 

62110 

43 

18229 

76 

2T226 

44 

62436 

43 

18292 

76 

31162 

52 

136900 

.51 

18298 

76 

31381 

1 

18627 

54 

31404 

1 

The  value  for  the  45  — 4/j  resonance  doublet  is  the  average  of  three  experimental  and  two 
theoretical  determinations.  The  experiments  include  an  absolute  anomalous  dispersion  measure¬ 
ment  by  Ostrovskii  and  Penkin  [2|  and  lifetime  determinations  using  the  phase-shift  method  by 
Link  [31  and  the  Hanie  effect  by  Schmieder.  et  al.  [4|.  The  theoretical  approaches  considered  the 
most  refined  available  are  a  self-consistent  field  calculation  (SLf'l.  done  in  both  the  length  and 
velocity  approximations  and  including  core-relaxation  effects,  by  Weiss  [.5|  and  a  similar  SCP' 
calculation,  but  instead  including  core  polarization  effects,  by  Hameed  et  al.  [6].  Very  good  agree¬ 
ment  among  the  averaged  values  suggests  an  accuracy  within  10  percent. 

For  the  4s  — series  the  anomalous  dispersion  measurements  of  P'ilippov  |7|  are  chosen  in 
preference  to  the  available  theoretical  calculations  which  are  considered  unreliable  due  to  cancella¬ 
tion  in  the  radial  integral  for  these  transitions.  P'ilippov's  values  are  normalized  such  that  his 
value  for  the  4s  — 4//  transition  agrees  with  the  above  adopted  value.  Based  mainly  on  the  reliability 
of  Filippov's  values  for  the  similar  .3s  — n//  series  in  Nat.  tin*  accuracy  for  these  transitions  is 
estimated  to  be  within  25  percent.  Values  for  a  few  of  the  higher  members  of  this  series  are  ob¬ 
tained  by  graphical  extrapolation.  Schmieder,  et  al.  141  have  measured  the  lifetime  of  the  5/>  state 
which  confirms  P’ilippov’s  adopted  value  for  4s  — 5p  tsee  fig.  7  in  the  General  Introduction),  if  Ander¬ 
son  and  Zilitis’  [1]  results  are  used  to  take  account  of  the  .5s  — 5/;  and  3t/— .5/;  transitions. 

Weiss  has  included  the  4/;  — 3d  transition  in  his  SGF  calculations  described  above.  Dipole 
length  and  velocity  approximations  agree  well  and  their  average  is  within  10  percent  of  the  value 
calculated  by  Villars  |8|  using  the  SCF  approach  and  including  a  polarization  potential. 

Values  for  most  of  the  members  for  the  ip  — ns  and  ip  —  nd  series  are  available  from  Villar's 
SCF  calculations  and  from  the  absolute  flame  intensity  measurements  of  Van  der  Held  and  Heier- 
man  [9].  F'or  the  ip  — ns  series,  agreement  is  usually  g()(,d  and  the  results  have  been  averaged 
(see  fij.;.  9  in  General  Introduction).  For  the  ip—  nd  series  the  values  are  obtained  by  graphically 
averag/ng  the  two  results  (fig.  8  in  General  Introduction).  Whenever  these  sources  are  not  available 
for  these  series,  the  semi-empirical  calculations  of  Anderson  and  Zilitis  [Ij  are  employed  or  the 
results  are  obtained  by  means  of  extrapolation  or  interpolation. 

For  all  other  transitions  in  the  remaining  series,  the  semi-empirical  calculations  of  Anderson 
and  Zilitis  are  adopted  with  accuracies  expected  to  be  within  50  percent. 
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K  I.  Allowed  Transitions 


\n. 

Transiliiin 

Mullipicl 

X(A) 

/■.’ilrm"') 

A'/ 

4/i((  10- 

U 

.S(al.  u.) 

I<'Ua/ 

Accu¬ 

Source 

Arrav 

sec"') 

racy 

1 

3(/  —  5/) 

2J)_2po 

3/43.1 

2/5,15.4 

24713.9 

10 

6 

0.016 

0.14 

140 

0.1.3 

D 

1 

31381 

21.334.4 

24720.2 

6 

4 

0.014 

0.14 

84 

-0.08 

D 

Is 

31.391' 

213.36.8 

24701.4 

4 

2 

0.01.3 

0.11 

47 

-0.,36 

D 

Is 

31404; 

21.336.8 

24720.2 

4 

4 

0.0013 

0.022 

9.3 

-1.06 

D 

Is 

2 

2J)_2po 

/.1, 184 

2/5.15.4 

29004.9 

10 

6 

0.0041 

0.0066 

2.9 

-1.18 

D 

1 

1.3377.9 

21.334.4 

29007.7 

6 

4 

0.0037 

0.0066 

1.7 

-1.40 

D 

Is 

13,397.1 

21,3.36.8 

289'/9.3 

4 

2 

0.0041 

0.00.3.3 

0.97 

-1.66 

D 

Is 

[13.382] 

21336.8 

29007.7 

4 

4 

4.1  XIO-^ 

0.0011 

0.19 

-2.36 

D 

Is 

3 

:W-7/) 

2J)_  2po 

10482 

2/5.15.4 

31078.0 

10 

6 

0.0019 

0.0019 

0.66 

-1.72 

D 

1 

10479 

21.334.4 

31074..3 

6 

4 

0.0017 

0.0019 

0..39 

-1.94 

D 

Is 

10487 

21.3.36.8 

.31070.0 

4 

2 

0.0019 

0.0016 

0.22 

-2.20 

D 

Is 

10484 

21.3.36.8 

31074..3 

4 

4 

1.9x10-^ 

.3.2X10-' 

0.044 

-2.90 

D 

Is 

4 

3.'/ -8/) 

2[)_2po 

9.148.6 

21585.4 

82229.2 

10 

6 

0.0011 

8.4X10-' 

0.26 

-2.08 

D 

1 

9347.0 

21.334.4 

.32230.1 

6 

4 

9.6X10-^ 

8.4X10-' 

0.16 

-2.30 

D 

Is 

9,331.4 

21.3.36.8 

.32227.4 

4 

2 

0.001 1 

7.0X10-' 

0.086 

-2..3.3 

D 

Is 

9.349.1 

21.3.36.8 

32230.1 

4 

4 

1.1x10-^ 

1.4X10-' 

0.017 

-3.2.3 

D 

Is 

3 

3</-9/) 

2D_2po 

8764.8 

2/5.15.4 

.1294/ .5 

10 

6 

6.7  X  10-^ 

4.6X10-' 

0.1.3 

-2.34 

D 

1 

8763.6 

21.3,34.4 

32942.1 

6 

4 

6.0X10-' 

4.6X10-' 

0.080 

-2,.36 

D 

Is 

8766.8 

21.3.36.8 

.32940.3 

4 

2 

6.7  xlO-^ 

,3.8X10-' 

0.044 

-2.81 

D 

Is 

8763.4 

21.336.8 

.32942. 1 

4 

4 

6.7X10-' 

7.7X10-' 

0.0089 

-.3.31 

p 

Is 

6 

3(i-10/j 

VD_2po 

8418.2 

21585.4 

88411.1 

10 

4.4  X  lO-* 

2.8X  10-' 

0.078 

-2..3.3 

D 

1 

8417.3 

21.3.34.4 

3.3411. .3 

6 

4 

4.0  X  10-* 

2.8X  10-' 

0.(W7 

-2.77 

D 

Is 

8419.8 

21.3.36.8 

33410.3 

4 

2 

4.4  X  10-' 

2.4X  10-' 

0.026 

-.3.0.3 

D 

Is 

8419.0 

21.3.36.8 

.33411. .3 

4 

4 

4.4  >'  10-' 

4.7  X  10-' 

0.00.32 

-  .3.72 

D 

Is 

7 

3(/-ll/) 

2D_2po 

8m.3 

21585.4 

.1.17.17./ 

10 

6 

.3.1  X  10-' 

1.9X  10-' 

0.0.30 

-2.73 

D 

1 

8192.3] 

21.3,34.4 

.337.37.4 

6 

4 

2.8X10-' 

1.9X  10-' 

0.0.30 

-2.9.3 

D 

Is 

8194.6 

21.3,36.8 

.3.3736.6 

4 

2 

3.1  A  10-^ 

1.6X  10-' 

0.017 

-.3.21 

D 

Is 

8194.1 

21.336.8 

3.3737.4 

4 

4 

.3.1  X  10-' 

.3.1  X  10-' 

0.00.34 

-3.90 

D 

Is 

8 

3(/-12/) 

SO-.’P'’ 

80.18./ 

21.585.4 

.1.1972.7 

10 

6 

2.3  X  10-^ 

1.3  X  10-' 

0.0,33 

-2.88 

D 

1 

8037 

3] 

21.334.4 

3.3972.9 

6 

4 

2.0  X  10-' 

1.3  X  10-' 

0.021 

-3.11 

D 

Is 

80,39.3 

21.3.36.8 

.3.3972.3 

4 

2 

2.3  X  10-' 

1.1  X  10-' 

0.012 

-3., 36 

D 

Is 

8038,9 

21.3.36.8 

3.3972.9 

4 

4 

2.3  X  10-' 

2.2  X  10-  ' 

0.002.3 

-4.06 

D 

Is 

9 

3(/-4/ 

-D-4'° 

1 5 165 

2/5.15.4 

28127.7 

10 

14 

0.16 

0.7.3 

370 

0.88 

D 

1 

13163.1 

21.3,34.4 

28127.7 

6 

8 

0.13 

0.71 

210 

0.63 

D 

Is 

15168.4 

21.3,36.8 

28127.7 

4 

6 

0.13 

0.73 

1,30 

0.48 

D 

Is 

[15163] 

21,3.34.4 

28127.7 

6 

6 

0.010 

0.036 

11 

-0.67 

D 

Is 

10 

3(7-3/" 

2I)_2po 

(0) 

11022.3 

21585.4 

,3060,3.6 

10 

14 

0.066 

0.17 

61 

0.2,3 

I) 

\ 

II 

3(/-6/ 

-’D-=F° 

9.396 

5 

21585.4 

.319.3.3.0 

10 

14 

0  0.33 

0.068 

22 

-0.17 

I) 

1 

(10) 

9393.60 

21.3.34.4 

319.33.0 

6 

8 

0.0.33 

0.06.3 

12 

-0.41 

D 

Is 

9,397.76 

21,336.8 

.319.3.3.0 

4 

6 

0.0.33 

0.068 

8.6 

-0.37 

D 

Is 

9393.60 

21,3,34.4 

,319.3.3.0 

6 

6 

0.0024 

0.00,32 

0.61 

-1.71 

D 

Is 

12 

3(/-7/ 

2f)_.-po 

890.1.0 

21585.4 

32764.3 

10 

14 

0.021 

0.03.3 

10 

-0.4,3 

D 

1 

8'/02.2] 

21,3.34.4 

,32764.3 

6 

8 

0.021 

0.034 

3.9 

-0.70 

D 

!s 

S'KU.n 

21.3.36.8 

32764.3 

4 

6 

0.020 

0.03.3 

4.1 

-0.8.3 

D 

Is 

8902.2] 

21.3.34.4 

32764.3 

6 

6 

0.(K)14 

0.(K)I7 

0.30 

-1.99 

D 

1  Is 
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Kl.  Allowed  Transitions  — CoM/mued 


■"1 

1 

:  -- 

r  ■■ 

'  i 

1 

Nil. 

TruM>iliiiii  ^ 

Miillipicl 

a(A) 

A.'ilcni'') 

/■.'tlni;  ') 

.4*1  (10» 

./[a 

.S(al.  11.1 

Accii- 

Siiurcf 

Array 

sec  ’) 

racy 

13 

3</-8/ 

»D--F° 

8504.2 

21.555.4 

.332*;  1.0 

10 

14 

1  0.014 

1 

0.021 

5.9 

-0.68 

D 

1 

[8.50.3.5] 

21.5.34.4 

.33291.0 

6 

8 

0.014 

0.020 

3.4 

-0.92 

1) 

/s 

8.505.3 

21.536.8 

.-3.329 1.0 

4 

6 

0.01.3 

0.021 

2.4 

-1.08 

D 

/s 

[8.50.3.5] 

21.5.34.4 

.•3;3291.0 

6 

6 

9.2X10-^ 

0.0010 

0.17 

-2.22 

I) 

/s 

14 

3(/-9/' 

2D -  ip 

8250.0 

21.55.5.4 

3:36.52.0 

10 

14 

0.()0‘>.5 

0.014 

3.7 

-0.87 

1) 

1 

j 

1 

[82.50.2] 

21.534.4 

;3;36.52.0 

6 

8 

O.IMliJO 

0.0 1.3 

2.1 

-1.11 

D 

/s 

8251.7 

21.5.36.8 

;3;36.52.0 

4 

6 

0.0089 

0.014 

1.5 

-1.26 

D 

/.V 

82.50.2 

21.534.4 

:3.36.52.{) 

6 

6 

6.4X10-^ 

6.5X10 

0.11 

-2.41 

U 

la 

15 

4i  —  4/) 

2S_2p= 

7676.2 

0.0 

15025.7 

2 

6 

0.385 

1.02 

51.6 

0.310 

2.3.4. 

(1) 

1 

5.f 

7664.91 

0.0 

i;3042.9 

2 

4 

0.;387 

0.682 

.34.4 

0.  i;3.5 

B-) 

/s 

7698.98 

0.0 

12985.2 

2 

2 

0.;382 

0.;3;39 

17.2 

-0.169 

B+ 

la 

16 

4i  —  5/) 

2S-2P 

4045.2 

0.0 

24715.0 

2 

6 

0.0124 

0.(K)91 

0.242 

-1.74 

C 

In 

(3) 

4044.15 

0.0 

24720.2 

2 

4 

0.0124 

0.(M)6I 

0.161 

-1.91 

C 

l.a 

4047.21 

0.0 

24701.4 

2 

2 

(U)124 

0.(M);3i).5 

0.081 

-2.215 

c 

la 

17 

4s  —  6/< 

5446.7 

0.0 

2W04.0 

2 

0.00168 

9.0X10-' 

0.02()4 

-2.74 

c 

In 

(4) 

1 

3446.38 

0.0 

29(K)7.7 

2 

4 

0.00168 

6.0X  10-'- 

O.Oi;36 

-2.92 

c 

l.a 

.3447.41 

0.0 

28999.3 

2 

6| 

0.00168 

2.99X10-' 

().(M)68 

-3.223 

c 

Is 

18 

4s  —  7/i 

»S--P° 

5217.5 

0.0 

51075.0 

2 

6 

4.60  X  10-^ 

2.14X10-' 

0.004.5.3 

-.3.;369 

c 

In 

(1  uv) 

.3217.15 

0.0 

31074.5 

2 

4 

4.61  ^10-* 

1. 43X10-' 

0.(X).30.3 

!-3..54 

c 

Is 

.3217.62 

0.0 

.31070.0 

2 

2 

4.57X10-^ 

7.1X10-' 

0.001.50 

-.3.85 

c. 

Is 

19 

4s-8/> 

2S_2po 

5101.0 

0.0 

52220.0 

2 

6 

1.84X10-' 

8.0X10-' 

0.00164 

-.3.80 

c 

7n 

(2  uv) 

20 

4s -9/) 

25  —  2po 

:i054.8 

0.0 

52041.5 

2 

6 

9.4X10 

.3.90X10-' 

7.8X10-' 

-4.108 

c 

7r 

(3  uv) 

21 

4s -10/; 

2S_2po 

2002.2 

0.0 

55411.1 

2 

6 

.5.4x1  ()-■> 

2.19X10-' 

4.31X10-' 

-4..3.59 

(; 

7n 

(4  uv) 

22 

4s -11/; 

2S-2po 

2065.2 

0.0 

55757.1 

2 

6 

.3.3X10-' 

1..3X10-’ 

2.5X10-' 

-4..59 

D 

exlrap. 

(5  uv) 

1 

23 

4s—  12/; 

2S_2p" 

2042.7 

0.0 

55072.7 

2 

6 

2.4x10-' 

9.2X10 

1.8X10  ' 

-4.74 

D 

exlrap. 

(6  uv) 

24 

4s-  13/; 

2027.5 

0.0 

54148.5 

2 

6 

1.7x10  ' 

6.7x10  ' 

1.3X10-' 

-4.87 

D 

exlrap. 

25 

4/;  —  5s 

12402 

15025.7 

21026.8 

6 

2 

0.235 

0.18.3 

4.5.1 

0.041 

c 

8 

(5) 

12.522.1 

1.3042.9 

21026.8 

4 

2 

0.1.56 

0.18.3 

;30.2 

-0.1.36 

c 

l.a 

124.32.2 

12985.2 

21026.8 

2 

2 

0.079 

0.18.3 

1.5.0 

-0.4.37 

c 

la 

26 

4/;  —  6s 

2po_2y; 

6020.5 

15025.7 

274.50.7 

6 

2 

0.(i82 

0.01% 

2.69 

-0.9.3 

c 

8.  9 

[69.33.8] 

1.3042.9 

274.50.7 

4 

2 

0.054 

0.0196 

1.78 

-1.108 

c 

la 

1 

[6911.1] 

1298.5.2 

274.50.7 

2 

2 

0.0272 

0.0196 

0.89 

- 1 .40*) 

V. 

la 

27 

4/;  —  7s 

?po_2S 

5705.5 

1 

15025.7 

.3()274..3 

6 

2 

0.0.369 

0.0062 

0.71 

-;.4.30 

<: 

8.  9 

[.5801.8 

1.3(442.9 

;30274.3 

4 

2 

0.0244) 

0.0()62 

0.474 

-1.61 

1 

c 

Is 

Is 

1 

i 

[5782.4; 

12935.2 

.•30274.3 

2 

2 

0.012.3 

0.0062 

0.2;3.5 

-1.91 

c 

28 

! 

4/;  — 8s 

2p°_2_S 

.5554.5 

15025.7 

.317.56.0 

6 

2 

0.0189 

0.(K)269 

0.28.3 

-1.79 

c 

8.  9 

[.5.3.39.8] 

1.3(M2.9 

.317.56.0 

4 

2 

0.0126 

0.00269 

0.189 

-1.97 

c 

Is 

[.5.32.3.4] 

1298.5.2 

.317.5f).0 

2 

2 

0.(M)6.3 

0.00268 

0.094 

-2.271 

c 

Is 

228 


Ki.  Allowed  Transitions— Con/mueii 


No, 

Transiiion 

Array 

Mi'lliplel 

A  (A) 

AVu  m  *) 

U,(  10" 

u 

.S(al.  u.) 

Accu¬ 

racy 

29 

4/>-9s 

C/) 

94 

I 

o 

a. 

5094.3 

13023.7 

32648.2 

6 

2 

0.0105 

0.001.36 

0.1.37 

-2.088 

c 

[5(W9.2] 

1.3042.9 

.32648.2 

4 

2 

0.0070 

0.(X)1.36 

0.092 

-2.26.3 

c 

[5084.3] 

12985.2 

.32648.2 

2 

2 

0.00.3.50 

0.(X)136 

0.0‘4.54 

-2.51 

c 

K) 

4/>-  l().s 

L'1>0_2S 

4951.4 

13023.7 

.3.3214.4 

6 

2 

0.0064 

7.8X  10-< 

0.077 

-2.321 

c- 

[49.56.1] 

13042.9 

.3.3214.4 

4 

2 

0.00425 

7.8X  i0-< 

0.051 

-2. .50 

c- 

[4942.0] 

12985.2 

.3.3214.4 

2 

2 

0.0021.3 

7.8  X  10-< 

0.0254 

-2.81 

c- 

11 

4/*—  1  li 

48.59.0 

13023.7 

.3.3.598.2 

6 

2 

0.004,3 

5.1  X  10-< 

0.049 

-2.51 

c- 

[4863.6] 

1.3042.9 

.3.3.598.2 

4 

2 

0.0029 

5.1  X  10-< 

0.0.33 

-2.69 

c- 

[48.50.0] 

12985.2 

.3.3598.2 

2 

2 

0.0014 

5.1  X  lO-i 

0.016 

-2.9'! 

c- 

:i2 

4/>—  12s 

4795.7 

1.3023.7 

.3.3869.7 

6 

2 

0.00310 

.3..57X  10-< 

0.0.338 

-2.61 

c- 

[4800.2] 

1.3042.9 

.3.3869.7 

4 

2 

0.0(y207 

3.,57x  10-< 

0.0225 

-2.78 

c- 

[4786.9] 

12985.2 

.33869.7 

2 

2 

0.0010.3 

,3.,57x  10-< 

0.0112 

-.3.083 

c- 

32 

4/j  —  13s 

4750.3 

1.3023.7 

.34069.3 

6 

2 

0.0024 

2.7X  10-< 

0.025 

-2.79 

c- 

[47.54.6] 

1.3042.9 

.34069.3 

4 

2 

0.0016 

2.7X  10-< 

O.017 

-2.97 

c- 

[4741.6] 

12985.2 

.34069.3 

2 

2 

8.0  X  10-" 

2.7  X  10-^ 

0.0084 

-3.27 

c- 

;u 

4/)  -  3(/ 

■iHO-iiD 

11745 

1.3023.7 

21.535.4 

6 

10 

0.262 

0.90 

209 

0.73 

c 

(6) 

11772.8 

1.3042.9 

21.5.34.4 

4 

6 

0.2.59 

0.81 

125 

0.51 

c 

11690.2 

12985.2 

21.5.%.8 

2 

4 

0.220 

0.90 

69 

0.2.55 

c 

11769.7 

1.3042.9 

21,5.36.8 

4 

4 

0.0434 

0.090 

14.0 

-0.444 

c 

35 

4/j-4(/ 

21J0_2D 

0955:2 

13023.7 

27397.4 

6 

10 

3.1  X  10-< 

.3.7X  10-< 

0.051 

-2.65 

E 

(7) 

6964.69 

1.3042.9 

27397.0 

4 

6 

3.1  X  10-< 

3.4  X  10-" 

0.031 

-2.87 

E 

6936.27 

12985.2 

27398.1 

2 

4 

2.6  X  lO--* 

3.7X  10-" 

0.017 

-.3.1.3 

E 

6961.18 

13042.9 

27398.1 

4 

4 

5.1  X  10-'* 

3.7X  lO-s 

0.0034 

-.3.83 

E 

;v, 

4/>—.v/ 

a 

1 

.582.5..! 

13023.7 

.3018.5.4 

6 

10 

0.(X).33 

0.(X)28 

0.32 

-1.77 

D 

.5831.9] 

13042.9 

30185.2 

4 

6 

0.(K),32 

0.(X)2.5 

0.19 

-2.00 

D 

.5812.2] 

12985.2 

.30185.7 

2 

4 

0.(X)28 

0.(X)29 

0.11 

-2.24 

D 

.5831.7] 

1.3042.9 

,30185.7 

4 

4 

.5.4X  10-< 

2.7X  10-" 

0.021 

-2.97 

D 

37 

i/i—M 

2po_2D 

5.1.54.1 

1.3023.7 

3109.5.0 

6 

10 

0.(X)46 

().(X),33 

0.35 

■1.70 

D 

,53.59.7] 

1,3042.9 

31695.5 

4 

6 

0.(X>46 

0.(X).30 

0.21 

-l.'!2 

D 

.5.343.1] 

1298'’'  •> 

.31695.8 

2 

4 

0.(X)40 

0  iX)34 

0,12 

-2.17 

D 

.53.59.6] 

1,3042.9 

31695.8 

4 

4 

7.6X  10-" 

,3.3  X  10-" 

0.02.3 

-2.88 

D 

38 

ll  1-1,1 

2P°_21) 

5107.2 

13023.7 

,32598.5 

6 

10 

0.(XX3.5 

0.(rf)23 

0.23 

-1.86 

D 

[5112.21 

1.3042.9 

32.598.5 

4 

6 

0.(X).3.5 

0.0021 

0.14 

-2.08 

D 

[.5(W7.2] 

12985.2 

,32,598.5 

•) 

4 

0.IH)29 

0.(X)2.3 

0.077 

-  2..34 

D 

[5112.2 

1.3042.9 

32.598.5 

4 

4 

5.7X  lO  * 

2.2  X  10-" 

0.015 

-3.06 

D 

3>t 

1 

2po_2p 

4900.2 

1.3023.7 

;3;3178.4 

6 

iO 

0.(X)26 

0.0016 

0.16 

-2.02 

D 

[4965.0 

1.30 '2.9 

33178.4 

4 

6 

0.(X)26 

0.0015 

0.0% 

-2.22 

D 

49.50.8 

12985,2 

33178.4 

2 

4 

0.(X)22 

,  0.(X)16 

0.053 

-2.49 

D 

4965  0 

1.3042.9 

.33178.4 

4 

4 

4.6X  10-< 

1 1.7X  10-" 

0.011 

-.3.17 

D 

Siturcc 


8,  9 

Is 

Is 

8,9 


U 

Is 

inlerp. 

Is 

Is 

1,9 

Is 

Is 

extrap. 

Is 

Is 

5,8 

Is 

Is 

Is 

8«.9h 

Is 

Is 

Is 

8h.  9n 

Is 

Is 

Is 

8fi .  9h 

Is 

Is 

Is 

Hn.  9f; 

Is 

Is 

h 

8/(.9( 

Is 

Is 

Is 
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Ki.  Allowed  Transitions— CoM^muet/ 


Traii'liiiin 

Array 

Mullipicl 

MA) 

Akii  10" 
sec"') 

./iA- 

.S'(al.  11.  t 

\r<*u- 

racy 

'5oiii<-c 

40 

•ip  — 9(1 

spo-^D 

4865.2 

18028.7 

.33572.1 

6 

10 

0.0020 

0.0012 

0.12 

-2.14 

D 

8/1. 9« 

[4869.8] 

13042.9 

.33.572.1 

4 

6 

0.0021 

0.0011 

0.072 

-2.8b 

D 

Is 

48.56.1 

12985.2 

33572.1 

2 

4 

0.0018 

0.001.3 

0.040 

-2.59 

D 

Is 

[4869.8] 

1.3042.9 

.33.572.1 

4 

4 

.3.5  X  10-^ 

1.2  X  10-' 

0.0030 

-.3.32 

D 

/.V 

41 

ip-\0(l 

2po_,D 

4799.9 

18028.7 

33851.8 

6 

10 

0.0016 

9.0  X  10-' 

0.005 

-2.27 

D 

1/1, 9/1 

[4804.3] 

13042.9 

33851.8 

4 

6 

0.0016 

8.1  X  10-' 

0.051 

-  2.49 

[) 

Is 

4791.0 

129R5.2 

33851.8 

2 

4 

0.''013 

8.9  X  10-' 

0.028 

-2.75 

D 

Is 

[4804.3] 

13042.9 

.33R51.8 

4 

4 

2.6  X  10-^ 

9.0  X  10-' 

0.0057 

-.3.44 

D 

!s 

42 

ip—  1  If^ 

jpo-sjj 

4758.1 

18028.7 

.340.56.9 

6 

10 

0.0012 

6.6  X  10-' 

0.062 

-2.40 

D 

1 

[4757.4] 

1.3042.9 

340.56.9 

4 

6 

0.0012 

5.9  X  10-' 

0.0,37 

-2.63 

D 

Is 

4744.4 

12985.2 

.340.56.9 

*> 

4 

9.8  X  10-^ 

6.6  X  10-' 

0.021 

-2.88 

D 

Is 

[4757.4 

1.3042.9 

340.56.9 

4 

4 

1.9X  10"^ 

6.6  X  lO-' 

0.0041 

-3..58 

D 

Is 

43 

id— bp 

2D_2P<> 

62191 

27897.4 

29004.9 

10 

6 

0.0086 

0..30 

610 

0.48 

D 

1 

62068] 

27397.0 

29007.7 

6 

4 

0.0078 

0.30 

.370 

0.26 

D 

Is 

62436 

27398.1 

28999.3 

4 

2 

0.008,3 

0.24 

200 

-0.02 

D 

Is 

62110] 

27398.1 

29007.7 

4 

4 

8.7X  10 

0.0,50 

41 

-0.70 

D 

Is 

44 

id-lp 

20-=?“ 

27199 

27897.4 

81078.0 

10 

6 

0.0029 

0.019 

17 

-0.72 

D 

1 

[271851 

27.397.0 

31074.5 

6 

4 

0.0025 

0.019 

10 

-0.94 

D 

Is 

[27226' 

27.398.1 

31070.0 

4 

2 

0.0029 

0.016 

.5.7 

-1.19 

D 

Is 

[27193] 

27.398.1 

31074.5 

4 

4 

2.8  X  10-* 

0.0031 

1.1 

-1.91 

D 

Is 

45 

id— ip 

•20-2?“ 

20691 

27897.4 

82229.0 

10 

6 

0.0015 

0.0059 

4.0 

-1.2.3 

D 

1 

20685] 

27.397.0 

.322.30.1 

6 

4 

0.0014 

0.00.59 

2.4 

-1.45 

D 

Is 

20701 1 

27398.1 

32227.4 

4 

2 

0.0015 

0.0048 

1..3 

-1.72 

D 

Is 

20690] 

27.398.1 

322.30.1 

4 

4 

1.5  X  lO  -* 

9.9  X  10-' 

0.27 

-2.40 

D 

Is 

46 

id—^p 

20-2?“ 

180.32 

278974 

82941.5 

10 

6 

9.2X  lO-i 

0.0027 

1.6 

-1..57 

D 

1 

18029] 

27.397.0 

,32942.1 

6 

4 

8.3  X  lO--* 

0.0027 

0.96 

-1.79 

D 

Is 

18038 

27398.1 

32940.3 

4 

2 

9.1  X  10 

0.0022 

0..53 

-2.06 

D 

Is 

18033 

27398. 1 

.32942.1 

4 

9.5  X  10-' 

4.6  X  10-' 

0.11 

-2.74 

D 

Is 

47 

id—  lOp 

20-2?“ 

16624 

27897.4 

88ill.l 

10 

6.0  X  10-^ 

0.0015 

0.82 

-1.82 

D 

1 

16622' 

27397.0 

,33  1.5 

6 

4 

5.4  X  lO-* 

0.0015 

0.49 

-2.05 

D 

Is 

16628 

27.398.1 

33410.3 

4 

2 

6.0  X  10"^ 

0.0012 

0.27 

-2..32 

D 

Is 

16625 

27398. 1 

33ill..5 

4 

4 

6.1  X  10"' 

2.5  X  10-' 

0.0,55 

-.3.00 

D 

Is 

48 

id—Wp 

20-2?» 

1.5769 

27897.4 

88787.1 

10 

6 

4.2  X  10-^ 

9.5  X  10-' 

0.49 

-2.02 

D 

1 

15768 

27.397.0 

.3.3737.4 

6 

4 

.3.7  X  10-^ 

9.3  X  10-' 

0.29 

-2.25 

D 

Is 

15772 

27.398.1 

3.3736.6 

4 

2 

4.1  '•  lO-* 

7.7  X  10-' 

0.16 

-2.51 

D 

Is 

1.5770 

27.398. 1 

.3.37.37.4 

4 

4 

4.3  X  10-' 

1.6  X  10-' 

0.0.33 

-3.19 

D 

Is 

49 

id-\2p 

20-2?“ 

1.5204 

27897.4 

88972.7 

10 

6 

.3.1  X  10-* 

6.4  X  10-' 

0..32 

-2.19 

I) 

1 

1.5203 

27397.0 

.3.3972.9 

6 

4 

2.7  X  10 

6.3  X  10-' 

0.19 

-2.42 

D 

Is 

1.5207 

27398. 1 

33972.3 

4 

2 

.3.2  X  10-' 

5.5  X  10-' 

0.11 

-2.66 

D 

Is 

15205 

27.398. 1 

33972.9 

4 

4 

.3.0  X  10-' 

1.0  X  10-' 

0.021 

-.3.40 

D 

Is 

50 

id-  13p 

20-2?“ 

14808 

27897.4 

84148.5 

10 

6 

2.3  X  10-' 

4.6  X  10-' 

0.22 

-2..'14 

D 

1 

[148071 

27.397.0 

.34148.6 

6 

4 

2.1  X  10-' 

4.6  X  10-' 

0.1.3 

-2.5b 

D 

Is 

[14811 

27398.1 

34148.2 

4 

2 

2.3  X  10-' 

,3.8  X  10-' 

0.075 

-2.82 

D 

Is 

[14810] 

27.398.1 

34148.6 

4 

4 

2.3  X  10-' 

7.6X 

0.015 

-.3..52 

D 

Is 

51 

4rf-4/ 

20-2?' 

186900 

27897.4 

28127.. 

10 

14 

8.9  X  10-' 

0.35 

1600 

0..54 

D 

1 
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1 

I 

i 
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Kl.  Allowed  Transitions— Conanuerf 


\o. 

Transiliiin 

\rray 

Mulliplet 

X(A) 

F,'i(cni-‘) 

A'/ 

A'*- 

■lAidO" 

JlK 

.Slal.u.) 

Accu 

racy 

SouD’C 

52 

4</-5/ 

2D-2F° 

31162 

27397.4 

30605.6 

10 

14 

0.020 

0.40 

410 

0.60 

D 

1 

53 

4r/-6/ 

2D-^F° 

2I94S 

27397.4 

319.53.0 

10 

14 

0.014 

0.14 

100 

0.15 

D 

1 

51 

All -If 

18627 

27397.4 

32764.5 

10 

14 

0.0088 

0.064 

.39 

-0.19 

D 

1 

55 

Ail-Rf 

:-D-=F° 

16963 

27397.4 

3.3291.0 

10 

14 

0.0060 

0.0.36 

20 

-0.44 

D 

1 

56 

All -9/ 

iD--T° 

15984 

27397.4 

336.52.0 

10 

14 

0.0043 

0.02.3 

12 

-0.64 

D 

1 

57 

Hs  —  Hii 

og_apo 

27114 

21026.8 

24713.9 

2 

6 

0.045 

1.5 

270 

0.48 

D 

1 

[27068] 

21026.8 

24720.2 

2 

4 

0.046 

1.0 

180 

0..30 

D 

Is 

[27206] 

21026.8 

24701.4 

2 

2 

0.045 

o.so 

1 

90 

0.00 

D 

Is 

58 

5s  —  6/< 

jg-.po 

12531 

21026.8 

29004.9 

2 

6 

0.0045 

0.0.32 

2.6 

-1.20 

D 

1 

[12526] 

21026.8 

29007.7 

2 

4 

0.0045 

0.021 

1.7 

-1..38 

D 

Is 

[12540] 

21026.8 

28999.3 

2 

2 

0.0045 

0.011 

0.87 

-1.68 

D 

Is 

59 

5s  — 7/1 

“S 

9951.3 

21026.8 

31073.0 

2 

6 

0.0014 

0.0060 

0.39 

-1.92 

L 

1 

[9950-5] 

21026.8 

31074.5 

2 

4 

0.0014 

0.0040 

0.26 

-2.10 

D 

Is 

[9955.2] 

21026.8 

31070.0 

2 

2 

0.0014 

0.0020 

0.13 

-2.40 

D 

Is 

60 

5s-8/> 

.g_.po 

8924.4 

21026.8 

32229.0 

2 

6 

5.9X  10  ’ 

0.0021 

0.13 

-  2.37 

D 

1 

[8923.5] 

21026.8 

.32230.1 

2 

4 

5.9X  10-’ 

0.0014 

0.08.3 

-2..55 

D 

Is 

[8925.6] 

21026.8 

.32227.4 

2 

2 

.5.9X  10-’ 

7.1  X  10-’ 

0.042 

-2.85 

C 

Is 

61 

.:S-9/) 

aS_2p» 

8390.7 

21026.8 

32941.5 

2 

6 

.3.2  X  lO--" 

0.0010 

0.0.56 

-2.69 

D 

1 

1 

[8.390.3] 

21026.8 

32942.1 

2 

4 

3.2  X  10-^ 

6.7  X  10  ’ 

0.037 

-2.87 

D 

Is 

[8.391.5] 

21026.8 

.32940.3 

2 

2 

.3.2X  10-’ 

.3.3  X  10-’ 

0.019 

-3.17 

D 

I.S 

62 

5s  — 10/) 

2S_2po 

8072.5 

21026.8 

33411.1 

2 

6 

1.9  X  lO-* 

5.7  X  10  ’ 

0.030 

-  2.94 

L 

1 

63 

5s- 11/) 

.,g_spo 

7865.5 

21026.8 

33737.1 

2 

6 

1.3X  10-’ 

.3.5  X  10-’ 

0.018 

-3.15 

D 

1 

64 

5s- 12/) 

2g_2po 

7722.3 

21026.8 

33972.7 

2 

6 

8.9X  10  ' 

2.4  X  10-’ 

0.012 

-3..32 

1 

6S 

5s -13/) 

?.g_2po 

7618.9 

21026.8 

34148.5 

2 

6 

6.5x  10  •> 

1.7  X  10-’ 

0.«)8.5 

-.3.47 

1 

1 

66 

5s  — 14/) 

,.S-2po 

7.541.5 

■’'026.8 

.34283.1 

2 

6 

4.9  X  10 

1.3  X  10’ 

0.(K)6.3 

-.3.60 

D 

1 

67 

5/)— 6s 

,pc_,g 

36.529 

■3.9 

27450.7 

6 

2 

0.048 

0.32 

2.30 

0.28 

D 

1 

[.3661.3] 

24720.2 

274.50.7 

4 

2 

0.0.32 

0.32 

1.50 

0.11 

D 

/s 

[36.363] 

24701.4 

274.50.7 

2 

2 

0.016 

0..32 

77 

-  0.19 

D 

Is 

68 

,po_.g 

17979 

24713.9 

.30274.3 

6 

2 

0.017 

0.027 

9.6 

-0.79 

I) 

1 

[18(K)0] 

24720.2 

.30274.3 

4 

2 

0.011 

0.02  )• 

6.4 

-0.97 

1) 

/s 

[179.39] 

24701.4 

30274.3 

2 

2 

0,(K).56 

0.027 

3.2 

-1.27 

1) 

Is 

69 

511  — Hs 

jpo_,g 

14178 

24713.9 

31765.0 

6 

2 

0.0087 

0.(K)87 

2.4 

-  1.28 

1) 

1 

1 

[14191] 

24720.2 

3176.5.0 

4 

2 

0.(K).58 

0.(K)87 

1.6 

-  l.k) 

1) 

/s 

[141.53] 

24701.4 

31765.0 

2 

2 

0.(K)29 

0.(K)87 

0.81 

-  1.76 

1) 

Is 

70 

5/)— 9s 

,,po_ig 

12600 

24713.9 

.32648.2 

6 

2 

0.(M).52 

0.(H)41 

1.0 

-  1.61 

1) 

1 

[12610] 

24720.2 

.32648.2 

4 

2 

0.(K).34 

O.lKlll 

0.68 

-  1.79 

1) 

!s 

[12.580] 

24701.4 

.32648.2 

2 

2 

0.0017 

O.lKlll 

0..34 

-2.(W 

1) 

Is 

231 


Transiiion 


71  5o-10s 


76  5/i-5 


ip»_-2S  1 1761 

[117701 

[11744] 

2po_2s  11253 

[11261] 

[11237] 

10919 

[10927] 

[10904] 

*P“-2S  10686 

[10693] 
[10672] 

*P‘-»D  37255 


jpo_2p 


77  5p-6cf  ‘P”-'^D 


ipo_iD 


'P”-«D  II8II 


[11820 

11793 

11820 


2P°-2D  11286 

[11294 

[11270 

[11294; 

21^-2D  10940 


[1C925] 

[10948] 

ap^-^D  10700 

[10707 

[10686 

[10707 


24713.9 

24720.2 

24701.4 

24720.2 

24713.9 

24720.2 

24701.4 

24720.2 

24713.9 

24720.2 

24701.4 

24720.2 

24713.9 

24720.2 

24701.4 

24720.2 


2  0.0015  0.0015 

2  7.7x10-^  0.0015 

2  0.0016  9.6xl0-< 

2  0.0011  9.6  XUH 

2  .5.4  xlO-^  9.6xl0-< 

2  0.0012  6.6xl0-< 

2  7.7xlO-<  6.6xl0-< 
2  3.9xl0-<  6.6x!0-< 


0.0078 

0.0071 
0.0077 
7.9  X  lO-* 

1.5x10-' 

1.3X10-' 

1.5  X  10-' 
1.5x10-" 

4.6X  10-' 

4.2  X  10 

4.6  ;<  10-< 

4.6  X  10-' 

6.0  X  10-< 

5.4  X  10-< 
6.0  X  10-< 
6.0  X  10-' 

5.7X  10-< 

5.1  X  10-" 
5.7X  10-< 

5.7  X  10-' 

4.8  X  10-* 

4.3X  10-< 
4.8X  10-< 
4.8  X  10-' 

4.1  X  IO-< 

3.7  X  10-< 
4.1  X  10-< 
4.1  X  10-' 


.S'l  ut.  u.) 

li'CA'/ 

0.54 

-1.85 

0..36 

-2.03 

0.18 

-2.33 

0..33 

-2.06 

0.22 

-2.23 

0.11 

-2.. 53 

0.21 

-2.24 

0.14 

-2.42 

0.069 

-2.72 

0.14 

-2.40 

0.093 

-2.58 

0.046 

-2.88 

880 

0.86 

5.30 

0.64 

290 

0.38 

.59 

-0.32 

2.8 

-1.33 

1.7 

-1..5.5 

0.93 

-1.81 

0.19 

-2..50 

0.0042 

-4.05 

0.0025 

-4.28 

0.0014 

-4..52 

2.8xl0-< 

-.5.22 

0.12 

-2.56 

0.070 

-2.78 

0.039 

-3.03 

0.0078 

-.3.73 

0.14 

-2.44 

0.084 

-2.67 

0.047 

-2.92 

0.0093 

-.3.62 

0.13 

-2.47 

0.076 

-2.69 

0.042 

-2.94 

0.(X)8.5 

-3.64 

0.10 

-2..54 

0.062 

-2.76 

0.035 

-.3.02 

0.rX)69 

-3.72 

0.087 

-2.61 

0.052 

-2.8.3 

0.029 

-3.(W 

0.0058 

-.3.78 

Kill 


(Ground  State 


1s*2s«2/;*3s*3/>s2I^;2 


Ionization  Potential 


46  eV  =  369000  cm-' 


Allowed  Transitions 


List  of  tabulated  liner 


Wavelength  [A| 

No. 

Wavelength  [A| 

1 

No. 

Wavelength  [Aj 

No. 

76.^.644 

1 

2992.24 

3 

3289.06 

.3 

778..'i28 

1 

3023.4 

O 

O 

3322.40 

2 

2.'i.'i0.02 

4 

30.32.07 

3 

33.38.5 

2 

263.^.11 

4 

3056.84 

3 

3364.22 

6 

2689.90 

4 

3061.2 

6 

3420.82 

2 

2877.4 

3 

3201.9.3 

6 

3421.83 

5 

2938.4.3 

3 

3209.34 

6 

3448.0 

2 

29,34.3 

3 

32.34.0 

3 

3468.32 

2 

2986.20 

3 

3278."5 

2 

3313.88 

2 

Bagus  [1|  has  calculated  a  value  fur  one  mnitiplet  of  this  ion  using  the  self-consistent  field 
method;  this  number  should  be  uncertain  since  the  possibly  important  effects  of  configuration  inter- 
acti(*n  have  been  neglected  entirely.  F(»r  several  other  transitions  the  Coulomb  approximation  has 
been  employed  in  order  t(»  have  some  data  available  for  the  more  prominent  lines  in  this  spectrum. 
From  the  general  success  of  this  method  and  from  comparisons  with  analogous  transitions  in  other 
ions,  uncertainties  of  1>0  percent  are  expected;  however  these  estimates  should  be  regarded  as 
provisional. 

Reference 

[t|  Bagus.  P.  S.,IJ.S.  Atomic  Energy  Commission  ANL-6959(1964). 


Kill.  Allowed  Transition? 


rransition 

Array 

Miilliplet 

X(A) 

A'*  ( cm  - ' ) 

f!i 

f-'k 

LHIO" 
see-' ) 

.lik 

.S(at.  II.) 

Accu¬ 

racy 

Sdurci* 

3/(“— 

jp_2S 

769.89 

721 

130609 

6 

2 

73 

0.22 

3.3 

0.11 

E 

1 

(1  uv) 

763.644 

0 

130609 

4 

2 

.30 

0.22 

2.2 

-0.06 

E 

Is 

778..328 

2162 

130609 

2 

2 

23 

0.21 

1.1 

-0,37 

E 

Is 

4p_4po 

:W5:2 

208184 

287808 

12 

12 

1.8 

0.30 

40 

0..36 

D 

ca 

(1) 

.3322.40 

207422 

237312 

6 

6 

1.3 

0.21 

14 

0.10 

D 

Is 

.3420.82 

208688 

237912 

4 

4 

0.23 

0.040 

1.8 

-0.80 

E 

Is 

[.3448.0] 

209461 

2384.3.3 

2 

2 

0.28 

0.0.30 

1.1 

-1.00 

E 

Is 

.3278.79 

207422 

237912 

6 

4 

0.86 

0.092 

6.0 

-0.26 

D- 

Is 

[3.3.38.3] 

208688 

23843.3 

4 

2 

1.5 

0.13 

.3.6 

-0.30 

D- 

k 

.3468.32 

208688 

2.37312 

4 

6 

0.48 

0.13 

.3.9 

-0.28 

D- 

Is 

.331,3.88 

209461 

2.37912 

2 

4 

0.6.3 

0.24 

.3.6 

-0.,32 

D- 

Is 

4P_4D" 

mis.i 

208184 

241451 

12 

20 

2.5 

0..36 

67 

0.83 

D 

ca 

(2) 

(7  uv) 

2992.24 

207422 

2408.30 

6 

8 

2.3 

0.4,3 

27 

0,43 

D 

Is 

30.32.07 

208f>88 

241444 

4 

6 

1.7 

0..33 

14 

0.1.3 

D 

h 

.30,36.84 

20*1461 

24216.3 

2 

4 

1.0 

0.28 

.3.6 

-0.23 

D- 

Is 

2938.4.3 

207422 

241444 

6 

6 

0.77 

0.10 

.3.8 

-0.22 

D- 

Is 

2986.20 

208688 

242163 

4 

4 

1.3 

0.18 

7.1 

-0.14 

D- 

Is 

[.3023.4 

209461 

242327 

2 

2 

2.1 

0.29 

5.7 

-0.24 

D- 

Is 

[2877.4 

207122 

242163 

6 

4 

0.14 

0.012 

0.66 

-  1.1.3 

E 

Is 

[29.34.3] 

208688 

242327 

4 

2 

0.44 

0.029 

1.1 

-0.94 

E 

Is 

233 


Kill.  Allowed  Transitions— Confmue^ 


No. 

Transition 

M'oMplet 

X(A) 

Hk 

fk 

S(at.u.) 

log  a/ 

■ 

Source 

Array 

sec"') 

m 

4 

2P_2D° 

2600.5 

208184 

246626 

19 

4 

3.8 

0.13 

0.19 

D 

ra 

(8  uv) 

2.').'»0.{)2 

6 

4 

2.0 

0.13 

-0.11 

D 

Is 

26,3.3. 1 ! 

4 

4 

1.2 

0.13 

D 

Is 

2689.90 

209461 

246626 

2 

4 

0.60 

0.13 

D 

Is 

5 

‘P-'D* 

.M29.6 

215227 

24.52.52 

6 

10 

1.9 

0.,33 

3.3 

0..30 

D 

ca 

(4) 

3289.06 

21272.3 

243121 

4 

6 

2.0 

0.49 

21 

0.29 

1) 

Is 

,3421.83 

214232 

243448 

2 

4 

1..3 

0..33 

12 

0.03 

D 

Is 

[3234.0] 

21272.3 

243448 

4 

4 

0.3.3 

0.0.3.3 

-0.66 

E 

Is 

6 

2p_2po 

5204.4 

215227 

244425 

6 

6 

2.2 

0.31. 

0.31 

D 

ra 

(5) 

,3201.95 

21272.3 

243947 

4 

4 

1.8 

0.28 

12 

0.0.3 

D 

Is 

3209..34 

214232 

243382 

2 

2 

1..3 

0.23 

4.9 

-0.34 

D 

Is 

[3061.2] 

21272.3 

243382 

4 

2 

0.88 

0.062 

2.5 

-0.61 

D- 

Is 

3364.22 

214232 

243947 

2 

4 

0.32 

0.11 

2.4 

-0.66 

D- 

Is 

Kill. 

Forbiddeu  Transitions 

The  line  strength  fnr  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1).  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  diflference  is  accurately  l.nimn. 


Reference 

(11  Naqvi,  A.  M.,  Thesis  Harvard  (1931). 

KlH.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

\(A) 

E((ci.."') 

E»(cm"') 

ft 

ft 

Type  of 
Transi¬ 
tion 

,•/*((  sec"') 

i 

.S(at.u.) 

Accu¬ 

racy 

Source 

1 

3pi-3p" 

[46240] 

0 

2162 

4 

2 

m 

0.181 

1 

I.,33 

1 _ 

A 

1 

Kiv 

Ground  State  ls^2s''2p''3s*3p^ 

Ionization  Potential  60.90  eV  =  491300  cm"' 

Allowed  Transitions 

A  value  is  available  for  one  multiplet  of  this  ion  fn;;n  the  screening-approximation  calculations 
of  Varsavsky  |1).  This  result  should  be  quite  uncertain  (probably  loo  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 


234 


Reference 

(1)  Varsavsky.  C.  M„  Aatrophya.  J.  Suppl.  Srr.  6,  No.  53.  75  0961). 


K  IV.  Allowed  Transitions 


No. 

Transition 

Array 

Multijilet 

A(A) 

flk 

/<*((10"  sec  ') 

flk 

S'lat.u.) 

lojtfif 

Source 

1 

-a 

1 

745.66 

816 

134926 

9 

9 

87 

0.72 

16 

0.81 

E 

1 

353//“ 

74.5.26 

0 

134181 

5 

5 

64 

0.53 

6.5 

E 

Is 

746.3.5 

1673 

13.56.59 

3 

3 

21 

0.18 

1.3 

B19 

E 

Is 

737.14 

0 

13.56.59 

5 

3 

37 

0.18 

2.2 

-0.05 

E 

Is 

741.9.5 

1673 

1.36453 

3 

1 

84 

1.7 

-0.18 

E 

Is 

7.54.67 

1673 

134181 

3 

5 

21 

HIkTh 

2.2 

-0.05 

E 

!s 

[749.99 

2324 

1356.59 

1 

3 

27 

1.7 

-0.16 

E 

Is 

Kiv 

Forbidden  Transitions 

As  in  the  case  of  Na  IV  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Berger 
[2j.  For  a  discussion  on  the  selection  of  v.:hies  see  NalV,  since  the  same  criteria  have  been  applied. 

References 

[I|  Naqvi,  A.  M,.  Thesis  Harvard  0951). 

[2|  Malville.  J.  M.  and  Berger.  R.  A.,  Planetary  and  Space  Science  13,  1131  (1965). 


K  IV.  Forbidden  Transitions 


308-022  0-69—18 
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Cffound  Stale 


Kv 


\s^2s^2iW3iP*Sti2 

Ionization  Potential  82.6  eV 

Allowed  Transitions 

A  value  is  available  for  one  miiltiplet  of  this  ion  fnim  the  screeniiiK-approximation  calculations 
of  Varsavsky  [1|.  This  result  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 

Reference 

[1]  Varsavsk/,  C.  M.,  Aslrophys.  J.  Suppl.  Ser.  6,  No.  53.  75  (1961). 


K  V 

Forbidden  Transitions 

For  this  ion  all  the  values  have  been  taken  from  Carstang  [1|  who  has  applied  refined  methods 
for  calculating  the  magnetic  dipole  and  electric  quadrupole  line  strengths. 

Reference 

111  Garalans.  R.  H.,  l.A.U.  Symp<isium  #34  on  Planslpty  Nrhuiae  held  at  Talranska  Lomnira.  Czechoslovakia. Sept.  (1%7|. 
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Kv. :Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

mA) 

I _ 

£i(cm“') 

£t(cm-') 

m 

1 

Hk 

Type  of 
Transi¬ 
tion 

/fwfsec”') 

S(at.u.) 

Accu¬ 

racy 

Source 

I 

3/I3-3/I3 

o 

I 

1 

(IF) 

4122.63 

0 

24249.5 

4 

6 

m 

0.0025 

3.90Xl0-» 

c 

1 

4 1 22.63 

0 

24249.5 

4 

6 

e 

0.0044 

0.019 

D 

1 

4163.30 

0 

24012.7 

4 

4 

m 

0.109 

0.00117 

C 

1 

416.3.30 

0 

24012.7 

4 

4 

e 

0.0027 

0.0080 

D 

1 

2 

I 

<go_.,po 

i 

I 

249.').3 

0 

40064 

4 

4 

m 

6.5 

0.01.50 

C 

1 

249.5.3 

0 

40064 

4 

4 

e 

7.2  X  10-' 

1.7X  10-’ 

D 

1 

2.51.5.3 

0 

39745 

4 

2 

m 

2.4 

0.00283 

C 

1 

[251.5.3] 

0 

.39745 

4 

2 

e 

.5.1  X  10-< 

6.1  X  10-' 

D 

1 

3 

2D0_2D‘> 

42.22  X  1(P 

24012.7 

24249.5 

4 

6 

m 

1.43  X  lO-* 

2.40 

A 

1 

[42.22  X  10<] 

24012.7 

24249.5 

4 

6 

e 

3.2  X  10-» 

0.15 

D 

1 

4 

o 

o 

I 

(2F) 

6316.6 

24249.5 

40064 

6 

4 

ni 

1.1 

0.0411 

C 

1 

I 

6316.6 

24249.5 

40064 

6 

4 

e 

0.36 

8.6 

C 

1 

6349..S 

24012.7 

39745 

4 

2 

m 

1.2 

0.0228 

C 

1 

6349..S 

24012.7 

39745 

4 

2 

e 

0.30 

3.69 

C 

1 

6146.. S 

24249.5 

39745 

6 

2 

e 

0.19 

2..52 

C 

1 

6223.4 

24012.7 

40064 

4 

4  ' 

m 

2.1 

0.075 

C 

1 

6223.4 

24012.7 

40064 

4 

4 

e 

0.16 

3..56 

C 

1 

.5 

1 

[31.3  XKH] 

39745 

40064 

2 

4 

m 

2.91  X  10-< 

1.33 

B 

1 

[31.3  X  10<] 

39745 

40064 

2 

4 

e 

9.2X  10-'» 

0.066 

D 

1 

Kvi 


Crniui.d  Stale  l5*25*2/>«3s®3/>*  »Po 

Potential  99.7  eV  =  804.'>l3  cm”' 

Allowed  Transitions 

A  valoe  is  available  for  one  multiplet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  fl).  This  result  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  ill  other  i«ii:s),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  imo  accoun*. 


Reference 

|I|  Varsavsky.  C.  M..  Aalmphyg.  J.  Suppl.  Ser.  6,  Nii.  .SS.  75  (I961). 
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Kvi.  Allowed  Transitions 


Kvi 

Forbidden  Transitions 

As  in  the  ease  of  Na  iv  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Ber¬ 
ger  [2].  For  a  discussion  on  the  selection  of  values  see  Na  iv,  since  the  same  criteria  have  been 
appUed. 

References 


[1]  Niq  a,  A.  M.,  Thesis  Harvard  (1951). 

(2|  Malville,  J.  M.,  and  Berger,  R.  A..  Planetary  and  Space  Science  13,  1131  (19v''5). 


Kvi.  Forbidden  Transitions 


No, 

Transition 

Array 

Multiplet 

A(A) 

Eiicm'') 

gi 

Type  of 
Transi¬ 
tion 

/4»i(5ec-') 

Slat.u.) 

Accu¬ 

racy 

Source 

1 

' 

3p_3p 

- 

88390 

0 

1131 

1 

3 

m 

0.0259 

1.99 

B 

1 

,34190 

0 

2924 

1 

5 

e 

5.4  X  10" 

0.75 

C- 

2 

55760 

1131 

2924 

3 

5 

1  m 

0.0772 

2.48 

B 

1 

,55760 

1131 

2924 

3 

5 

e 

1.05  X  10-" 

1.68 

C- 

1.  2 

2 

»P-'D 

(IF) 

[5269.2] 

0 

18973 

1 

5 

e 

1.1  XiO-^ 

0.0013 

D- 

2 

5603.2 

1131 

18973 

3 

5 

m 

0..54 

0.0177 

C 

1.  2 

5603.2 

1131 

18973 

3 

7.4  X  10" 

0.012 

D- 

1.2 

6229  3 

2924 

18973 

5 

1.17 

0.052 

C 

1.2 

6229.3 

2924 

18973 

5 

mm 

0.0030 

0.085 

D- 

1.2 

3 

•'■P-'S 

[2367 

V 

1131 

[43374]? 

3 

1 

1.5.7 

0.0077 

C- 

2 

[2471 j 

9 

2924 

[43374]? 

5 

1 

H 

«M4 

0.(K)77 

D- 

2 

4 

■D-'S 

■ 

(2F) 

4097? 

18973 

[43374]? 

_ ^ _ 

5 

1 

B 

4.1 

2.8 

D- 

2 
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Kvii 


Ground  State 


)s'‘2s*2p«3s«3p 


Ionization  Potential  118  eV  =  950200  cm~‘ 

Allowed  Transitions 

The  screening-approximation  calculations  of  Varsavsky  [1]  for  the  3s'^3p  *P°— 3s3p*  *D  muhiplet 
are  considered  to  be  rather  uncertain  (probably  too  high,  as  judged  from  comparison!,  in  other  ions) 
since  the  important  effects  of  configuration  mixing  are  neglected  entirely.  Gruzdev  and  Prokofev  [2] 
have  carried  out  Coulomb  approximation  calculations  modified  with  the  Seaton  correction  for  the 
3p«P°_4s«S  muhiplet;  these  results  should  be  reliable  to  within  25  percent,  as  judged  from  plots 
depicting /-value  dependence  on  nuclear  charge. 

References 

(1)  Varsavsky,  C.  M.,  Aslrophys.  J.  Suppl.  Ser.  6,  No.  53,  75  (I%1). 

[2|  Gruzdev,  P.  F.,  and  Prokofev,  V.  K.,  Optics  and  Spectroscopy  (U.S.S.R.)  21,  151-152  (1%6). 


K  VII .  Allowed  Transitions 


No. 

Transition 

Array 

Multiple! 

y(A) 

Ek(cm-') 

t(i 

fik 

_ _ 

S(at.  u.) 

Accu¬ 

racy 

Source 

1 

3s’*3p— 3s3p“ 

2p°_;!D 

667.13 

2086 

151982 

6 

10 

40 

5.8 

0.42 

E 

1 

[671.50] 

3129 

152049 

4 

6 

39 

3.5 

0.20 

E 

Is 

'658.41 

0 

151882 

2 

4 

34 

1.9 

-0.06 

E 

Is 

[672.26] 

3129 

151882 

4| 

4 

6.5 

Bil 

0.39 

-0.75 

E 

Is 

2 

3p  — ('S)44 

o 

1 

c/> 

228.72 

2086 

439297 

6 

2 

325 

0.085 

0.384 

-0.292 

C 

2 

[229.27] 

3129 

439297 

4 

2 

216 

0.085 

0.257 

-0.469 

C 

Is 

[227.64] 

0 

439297 

2 

2 

_ 1 

109 

0.085 

0.127 

-0.77 

C 

Is 

K  VII 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1|.  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 

[1]  Naqvi,  A.  M.,  Thesis  Har.ard  (1951t. 


K  VII.  Forbidden  Transitio 


No. 

Transition 
•  Array 

Multiple! 

X(A) 

E((cm‘') 

£:»(cm-') 

fCl 

fk 

Type  of 
Transi¬ 
tion 

At,  ..ec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

3/<-('S)3/) 

zp»_zp° 

[319.50] 

0 

3129 

2 

1 

m 

m 

1.33 

■ 

1 
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Kviii 


Ground  State  'So 

Ionization  Potential  155  eV  =  1247000  cm  ' 

Allowed  Transitions 

The  charge-expansion  technique  of  Crossley  and  Dalgarno  [1],  which  includes  limited  con¬ 
figuration  mixing,  has  been  employed  for  the  majority  of  the  transitions  in  this  spectrum;  while 
Gruzdev  and  Prokofev  [2]  have  carried  out  Coulomb  approximation  calculations  modified  with 
the  Seaton  correction  for  the  SsSp^P”— 3s4s®S  multiplet.  For  many  of  these  transitions,  the  de¬ 
pendence  of  oscillator  strength  on  nuclear  charge  has  served  as  an  aid  in  estimating  accuracies. 

References 

[1|  Crossley,  R.  J.  S.,  and  Dalgarno,  A.,  Proc.  Roy.  Soc.  l.ondun  A286, 510  (1%5). 

[21  Gruzdev,  P.  F.,and  Prokofev,  V.  K..  Oplics  and  SDeriroscopv<U.S.S.R.)21, 151-152  (1966). 


Kviii.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

£/(cm"') 

.tJxfcm-') 

ft 

ft- 

/fs-idO" 

sec*') 

fk 

..  .  .y 

S(at.  u.) 

logs/ 

Accu¬ 

racy 

Source 

1 

35*-35(»S)3p 

iS_ip» 

[519.37] 

0 

192540 

1 

3 

94.0 

1.14 

1.95 

0.057 

B 

1 

2 

3s3p—3p‘ 

3p 

564.85 

130274 

307313 

9 

9 

81 

0.388 

1  6.5 

0.54 

C-f 

1 

[564.47] 

131452 

308608 

5 

5 

61 

0.292 

2.71 

0.164 

C-f 

Is 

565.12 

129080 

306035 

3 

3 

20.2 

0.097 

0.54 

-0..54 

c 

Is 

572.79 

131452 

306035 

i  S 

3  1 

32.3 

0.095 

0.90 

-0.323 

c 

Is 

569.51 

12908C 

304669 

i  3 

1 

79 

0.128 

0.72 

-0.416 

c 

Is 

557.02 

12908C 

308608 

3 

5 

21.1 

0.164 

0.90 

-0.308 

c 

Is 

[561.59 

306035 

1 

3 

27.5 

0.389 

0.72 

-0.410 

c 

Is 

3 

3i3p-35(‘S)3d 

420.51 

1.30274 

.368082 

9 

15 

116 

0.511 

6..37 

0  663 

B 

1 

422.51] 

131452 

3681.32 

5 

7 

114 

0.427 

2.97 

0.329 

B 

Is 

418.45' 

129080 

368060 

3 

5 

87.9 

0.385 

1..59 

0.063 

B 

Is 

416.60' 

127968 

368004 

1 

3 

.66.1 

0.516 

0.708 

-0.287 

B 

Is 

422.64' 

131452 

368060 

5 

5 

28.5 

0.0763 

0.531 

-0.419 

B 

u 

418..54' 

129080 

.368004 

.3 

3 

48.9 

0.128 

0..531 

-0.416 

B 

Is 

422.741 

1314.52 

368004 

5 

.3 

3.2 

0.0051 

0.035 

-1.59 

D 

Is 

4 

'P®-'D 

[464] 

192540 

[408000] 

n 

5 

160 

0.87 

4.0 

0.42 

D 

1 

5 

.353p  —  3s(*S)45 

3po_SS 

199.45 

130274 

6316.54 

9 

3 

423 

0.084 

0.4% 

-0.12i 

C 

2 

[199.92 

131452 

6316.54 

5 

.3 

234 

0.084 

0.276 

-0.377 

C 

Is 

198.98 

129080 

6316.54 

3 

3 

142 

0.084 

0.165 

-0.60 

C 

Is 

[198..54' 

>27968 

6316.54 

1 

.3 

47.4 

0.084 

0.055 

-1.076 

C 

Is 

Kviii 

Forbidden  Transitions 


Naqvi’s  calculations  [1]  are  the  only  available  source.  The  results  for  the  ap”— ap®  transi¬ 
tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  'P° 
transitions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should 
be  partially  included. 


Reference 


[1|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 
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Kix 


Ground  State  l5*2j*2p*35  *S|/j 

Ionization  Potential  175.94  eV=  1419425  cm’* 

Allowed  Trant.itions 

List  of  tabulated  lines 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  (A) 

No. 

131.65 

2 

260.a5 

5 

621.41 

1 

131.90 

2 

260.83 

5 

636.40 

1 

145.73 

7 

451.01 

10 

1273.4 

9 

184.59 

4 

453.96 

10 

1294.6 

9 

185.88 

4 

459..50 

3 

1297.2 

9 

205.83 

6 

466.95 

3 

1647.1 

8 

259.86 

5 

467.59 

3 

1687.1 

8 

The  only  source  available  for  this  ion  are  the  charge-expansion  calculations  of  Crossley  and 
Ualgarno  [1]  which  include  limited  configuration  mixing.  Graphical  comparisons  of  this  work 
with  more  refined  values  within  the  isoelectro,  ic  sequence  indicate  accuracies  within  25  percent. 
A  number  of  additional  values  have  been  obtained  from  studies  of  the  /-value  dependence  on 
nuclear  charge.  The  reliable  material  available  for  other  ions  o!'  this  isoelectronic  sequence  in 
these  cases  permits  the  determination  of  reliable  values  simply  by  graphical  interpolation. 

Reference 

[1|  Crossley,  R.  J.  S.,  and  Dalsirno.  A.,  Proc.  Roy,  Soc.  London  A28b,  .tlO-.llC  (I96S). 


241 


KlX.  Allowed  Transitions 


1 


No. 

Transition 

•\rray 

Multiplet 

X(A) 

A’i(cm  ') 

^iA(cm-') 

tn 

Pa 

.4a((  10" 
sec"') 

fix 

.S(ut.  u.) 

l"g«/ 

Siiiiri'c 

1 

3s— 3p 

*S-*P 

629.29 

0 

159670 

2 

6  , 

30.1 

0.54 

2.22 

0.033 

C 

1 

[621.41 

! 

0 

160925 

2 

4 

31.2 

1.48 

-0.140 

C 

Is 

1 

0 

157159 

2 

2 

29.1 

0.74 

-0.451 

C 

Is 

2 

3s— 4p 

1  *c_ap»  t 

0 

759155 

2 

b 

180 

0.14 

0.12 

-0.55 

C 

inlerp 

[131.65 

1 

0 

759615 

2 

4 

180 

0.092 

0.080 

-0.74 

C 

Is 

[131.90; 

1 

0 

758174 

2 

2 

180 

0.046 

0.040 

-1.04 

C 

Is 

3 

3p-3d 

464.50 

’59670 

574965 

6 

85 

0.459 

4.21 

0.440 

C 

1 

[466.95 

160925 

375080 

4 

6 

84 

0.411 

2.53 

0.216 

C 

Is 

'459.50' 

157159 

374788 

2 

4 

73 

0.463 

1.40 

-0.033 

C 

Is 

[467.59' 

160925 

374788 

4 

4 

14 

0.046 

0.28 

-0.74 

D 

Is 

4 

3p— 4s 

Ipo-Sg 

185.45 

159670 

698902 

6 

2 

520 

0.090 

0.33 

-0.27 

('. 

inlerp 

[185.88 

1 

160925 

698902 

4 

2 

350 

0.090 

0.22 

-0.44 

C 

Is 

[184.59; 

1 

157159 

698902 

2 

2 

180 

0.091 

0.11 

-0.74 

C 

Is 

5 

3d— 4p 

260..30 

574965 

759155 

6 

200 

0.12 

1.0 

0.08 

C 

interp 

375080 

759615 

6 

4 

170 

0.12 

0.60 

-0.14 

C 

Is 

IH 

374788 

758174 

4 

2 

190 

0.096 

0.33 

-0.42 

C 

Is 

[259.86 

374788 

75%15 

4 

4 

19 

0.020 

0.067 

-1.10 

n 

Is 

6 

3d-4/ 

574965 

860808 

14 

1000 

0.92 

6.2 

0.96 

c+ 

interp 

7 

3d— 5/ 

o 

1 

145.75 

574965 

1061150 

14 

380  j 

0.17 

0.82 

0.23 

c 

interp 

8 

4s— 4p 

^S-spo 

1660.2 

698902 

7591.35 

2 

6 

6.2 

0.77 

8.4 

0.19 

c 

iiiterp 

[1647.1] 

698902 

759615 

2 

4 

6.3 

0.52 

5.6 

0.02 

c 

is 

[1687.1] 

698902 

758174 

2 

2 

5.9 

0.25 

2.8 

-0.30 

c 

Is 

9 

4p— 4d 

1287.6 

759155 

8.36798 

m 

21 

0.86 

22 

0.71 

c 

interp 

[1294.6] 

759615 

836861 

4 

6 

20 

0.76 

13 

0.48 

c 

Is 

1273.4 

758174 

836703 

2 

4 

18 

0.87 

7.3 

0.24 

c 

Is 

[  1297.2] 

759615 

836703 

4 

4 

3.5 

0.088 

1.5 

-0.45 

D 

is 

10 

4p  —5s 

2P-2JJ 

452.97 

759155 

979901 

6 

2 

150 

0.15 

1.3 

-0.05 

C 

interp 

[453,96] 

759615 

979901 

4 

2 

96 

0.15 

0.89 

-0.22 

c 

U 

758174 

979901 

2 

2 

50 

0.15 

0.45 

-0.52 

c 

Is 

lix 

Gruund  State 


ls“2s^2/>''  'S,, 


lonizatiun  Potential 


Allowed  Transitions 


503.8  eV  =  4064300  cm-' 


Calculations  by  Kastner,  Omidvar,  and  Underwood  [Ij,  employing  Hartree-Fock  wave  func¬ 
tions  and  including  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a 
single-configuration  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the 
strong  lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by 
assumptions  about  the  coupling. 
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|1|  Kaetner,  S.  O.,  Omidvar,  K.,  and  I'nderwuud,  J.  H..  Asirophys.  J.  J48,  269-273  (1967). 


Kx.  Allowed  Transitions 


No. 

Tiansition 

Array 

Multiple! 

a(A) 

filcm"') 

dk 

-4*1(10“ 

sec"') 

fik 

5(at.u.) 

i 

loggf 

Accu¬ 

racy 

Source 

1 

21)’'- 

lS_3p" 

[41.540] 

0 

2407300 

1 

3 

770 

0.060 

0.0082 

-1.22 

E 

1 

2 

2/«- 

2p»(*Pf,2)3s 

'S-'P° 

[41.147] 

0 

2430300 

1 

3 

1600 

0.12 

0.016 

-0.92 

U 

1 

.3 

2^-- 

2//fP?,,)3d 

lS_.ipo 

[36.229] 

0 

2760200 

1 

3 

110 

0.0065 

7.8  X  10-“ 

-2.19 

E 

1 

4 

2p“- 

2pH^P^,i,)M 

'S-‘P“ 

[35.779] 

0 

2794900 

1 

3 

3.3  XKP 

1.9 

0.22 

0.28 

D 

1 

.5 

2ijf'- 

2p'(*P?,j)3d 

J 

'S-»D“ 

[35.307] 

0 

2832300 

1 

3 

3900 

0.22 

0.026 

-0.66 

1 _ 

D 

1 

Kxi 


Ground  State  *P3/2 

Ionization  Potential  ^ 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  knotvn. 

Reference 

(  1 1  Naqvi,  .A.  M.,  Thesis  Harvard  (1951). 


Kxi.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

. . 1 

A(A) 

I -  ' 

Ej(cni"') 

'  ' 

£■*(001-') 

ft 

fk 

Type  of 
Transi¬ 
tion 

■1 

-4*((sec-') 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

ipo^7po 

[4256.4] 

0 

23475 

1 

2 

m 

231 

1.33 

■ 

1 
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Kxiv 


Ground  State  l5®2s®2/>*''P(i 

Ionization  Potential  ? 

Forbidden  Transitions 

Krueger  and  Czyzak’s  [1]  values  have  been  used  for  this  ion,  except  for  the  magnetic  dipole 
3Po,  1— ®Pi,3  transitions  where  Naqvi’s  [2|  results  have  been  applied.  Some  wavelength  data  are 
from  observed  coronal  lines.  The  electric  quadrupole  monient  (s^)  is  based  on  self-consistent  field 
wave  functions  with  exchange. 

References 

[1]  Krueiicr,  T.  K.,  and  Czyzak,  .S.  J.,  Astrophys.  J.  144,  ll‘)4^1202  (1966). 

[2]  Naqvi,  A'.  M.,  Thesis  Harvard  (1951). 


Kxiv.  Forbidden  Transitions 


No. 

Transition 

Array 

Multi  plet 

.‘.(Ai 

i'llcm*') 

£s(cm-’) 

Pi 

Pk 

Type  of 
Transi¬ 
tion 

AkAiec-') 

S(at.u.) 

Accu- 
1  racy 

1 

Source 

1 

1 

2p*-2p* 

3p_3p 

1 

7474 

■ 

0 

13380 

1 

3 

m 

42.2 

l.% 

B- 

2 

'3545 

■ 

0 

28210 

1 

5 

e 

0.00222 

0.00370 

C- 

1 

6740 

■ 

[13380 

28210 

3 

5 

m 

42.1 

2.39 

B 

2 

6740 

[1.3380] 

[28210] 

3 

5 

e 

1.79xl0-‘ 

0.0074 

C 

1 

3p_lD 

1033 

0 

9f«10 

1 

5 

€ 

0.0051 

1.8X  10-* 

D- 

1 

1199 

13380 

96810' 

3 

5 

m 

412 

0.131 

C 

1 

1199 

13380 

96810' 

3 

5 

e 

0.056 

4.2  X  10-" 

i) 

1 

1458 

28210 

96810 

5 

5 

m 

6.50 

0.373 

C 

1 

[1458 

28210 

[96810] 

5 

5 

€ 

0.14 

0.0028 

D 

1 

3p_IS 

[625.3 

■ 

[13380 

[173310: 

1 

3 

1 

m 

.5200 

0.0469 

C 

1 

[689.2] 

1 

[28210] 

[l73310‘ 

1 

5 

1 

€ 

3.5 

3.2X  10-" 

D 

1 

■D-'S 

■ 

1 

[1307] 

[173310] 

5 

1 

€ 

.5.9 

0.013 

D 

1 

No. 

Wavelength  (A| 

No. 

Wavelength  [A] 

29 

3630.97 

32 

4585.% 

28 

3644.41 

32 

4586.1 

14 

3644.77 

32 

4685.27 

27 

3644.99 

32 

4878.13 

1.3 

3673.42 

11 

5041.62 

12 

3675.29 

11 

5188.85 

26 

3678.21 

11 

5260.39 

15 

3748.35 

10 

5261.71 

15 

3750.29 

10 

5262.24 

15 

.3753.34 

10 

5264.24 

15 

3870.48 

8 

5265.56 

15 

3872.54 

8 

5270.27 

15 

3872.56 

8 

5512.98 

42 

3875.78 

8 

5581.97 

42 

3875.8 

8 

5588.76 

42 

3875.80 

8 

5590.12 

40 

3948.90 

34 

5594.47 

40 

3957.05 

34 

5598.49 

40 

3973.71 

34 

5601.29 

40 

4092.63 

5 

5602.85 

40 

4094.93 

5 

5857.45 

40 

4094.% 

5 

6102.72 

41 

4098.53 

5 

6122.22 

41 

4098.57 

5 

6156.02 

41 

4098.6 

5 

6161.29 

38 

4108.53 

9 

6162.17 

38 

4226.73 

17 

6163.76 

38 

4283.01 

18 

6166.44 

38 

4289.36 

18 

6169.06 

38 

4298.99 

18 

6169.56 

38 

4302.53 

18 

6439.07 

.39 

4307.74 

18 

6449.81 

.39 

4318.65 

18 

6455.60 

39 

4355.08 

6 

6462.57 

35 

4425.44 

30 

6471.66 

.35 

4434.% 

30 

6493.78 

35 

4435.69 

30 

6499.65 

35 

4454.78 

30 

6508.85 

.35 

4455.89 

30 

6572.78 

35 

44.56.61 

30 

6717.69 

.37 

4526.94 

25 

.37 

4578.,55 

1 

.37 

4581.40 

1 

32 

4581.47 

1 

32 

4585.87 

1 

Wavelength  [A] 


2150.80 

2200.7.3 

2275.46 

2398.56 

2541.40 

2617.66 
2721.65 
2994.% 

2997.31 

2999.64 

.3000.86 

3006.86 

3009.21 

3102.35 
3107.39 

3117.65 
3136.02 
3140.79 

3141.16 

3150.75 

3151.27 
3151.64 
3164.60 
3169.84 
3 180.  .52 

3209.% 

3215.17 
3215.34 
3225.90 
3226. 15 

3226.32 
3269.08 

3274.67 
3286.07 
3344.51 

.3.3.50.21 

3350.36 
.3361.92 
.3362.14 
.3.362.28 

3468.48 

3474.76 
.3487.60 
.3624.11 
3630.75 


Cal 


For  this  spectrum  we  have  exclusively  used  experimental  material  since  even  recent  theoret¬ 
ical  efforts  [10,  11]  have  not  provided  a  consistent  set  of  data.  The  /-value  for  the  resonance  line 
has  been  taken  from  three  lifetime  experiments,  namely  the  Hanle  effect  measurements  of  Lurio, 
de  Zafra,  and  Goshen  [6],  as  well  as  Smith  and  Gallagher  [7],  and  the  phase-shift  measurements 
of  Hulpke,  Paul,  and  Paul  [8].  The  very  close  agreement  of  the  three  results  suggests  the  aver¬ 
aged  value  should  be  uncertain  by  no  more  than  10  percent.  Another  lifetime  result,  this  one  by 
Karstensen  and  Schramm  [12],  using  delayed  coincidence  techniques  for  the  4/'F°  level,  allows 
a  determination  of  the  transition  probability  for  the  3r/‘D--4/'P  line,  but  in  a  less  direct  manner, 
since  the  contribution  of  the  4d  *D— 4/‘P  line  had  to  be  estimated  via  a  Bates-Damgaard  cal¬ 
culation  ard  subtracted.  Fairly  precise  relative  oscillator  strengths  are  available  fur  a  few  lines 
from  the  rmomaiour  dispersion  experiments  of  Filippov  and  Kremenevsky  [3],  Prokof  ’ev  [5],  and 
Shabanova  [9]  and  for  a  larger  number  of  lines  from  the  work  of  Ostrovskii  and  Penkin  [4].  The 
relative  values  are  normalized  to  the  value  chosen  for  the  resonance  line.  Further  data  could  be 
taken  from  an  emission  experiment  with  a  stabilized  arc  by  Kiistlin  [2]  and  an  absorption  experi¬ 
ment  by  Olsen,  Routly,  and  King  [1].  The  relative  values  of  Olsen  et  al.  have  been  normalized  to 
Ostrovskii  and  Penkin’s  value  for  the  4289  A  line  which  in  turn  has  been  normalized  to  the  above 
adopted  value  for  the  resonance  line.  (This  simple  normalization  procedure  leads  here  to  the  same 
result  as  a  least-squares  fit  between  the  overlapping  data  of  Olsen  et  al.  and  Ostrovskii  and  Penkin.) 
A  detailed  comparison  of  the  data  of  Olsen  et  al.  with  all  other  available  material  indicates  a  wave¬ 
length  dependence  of  Olsen’s  data  for  wavelengths  greater  than  4600  A;  hence,  these  values  have 
not  been  used  for  these  wavelengths  except  where  no  other  source  is  available. 
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Ca  I.  Allowed  Transitions 


No. 

Transition 

Multiplet 

a(A) 

£((cm-') 

£*(cm-') 

/<*((10" 

f\k 

5(at.u.) 

Source 

Array 

sec"') 

1 

4s3d-45(»S)4/ 

sD-sp 

4582.7 

20356 

42171 

15 

21 

0.226 

0.099 

22.5 

0.172 

(J 

In. 2 

(23) 

4585.87 

20371 

42171 

7 

9 

0.229 

9.8 

-0.186 

c 

\n.h 

4581.40 

20349 

42171 

5 

7 

0.209 

6.9 

-0..3.37 

c 

\n.  Is 

4578.55 

20335 

42170 

3 

5 

4.16 

-0..56 

c 

\n.  Is 

4535.96 

20371 

42171 

7 

7 

0.83 

-1.26 

D 

Is 

4581.47 

20349 

42170 

5 

5 

0.83 

-1.26 

D 

Is 

[4586.1] 

20371 

42170 

7 

5 

9.8X  10-< 

2.2X  10-< 

0.023 

-2.81 

E 

Is 

2 

4878.13 

21850 

42344 

5 

7 

0.188 

0.094 

7.5 

-0..328 

C 

12 

3 

4s3d— 4s(*S)5p 

6167.7 

20356 

36565 

15 

9 

0.22 

23 

0.06 

D 

2 

6169.56 

20371 

36575 

7 

5 

■il 

11 

-0.27 

D 

Is 

6169.06 

20349 

30555 

5 

3 

.5.8 

-0..55 

D 

Is 

6166.44 

20135 

36548 

3 

1 

■Sr 

2.6 

-0.90 

D- 

Is 

6161.29 

20349 

36575 

5 

5 

1.9 

-1.02 

D- 

Is 

6163.76 

20335 

36555 

3 

3 

1.9 

- 1.02 

D- 

Is 

6156.02 

20335 

36575 

3 

5 

0.0023 

0.13 

-2.20 

E 

Is 

248 
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Cal.  Allowed  Transitions— Continued 


II.  Transiliiin  Mulliplet  \(A)  A’licm"')  A\(c'm"')  ft  ft-  UydO" 
Array 


.S(al.u.)  liipii(/ 


Source 


.S  4s3</— M'S).S/ 


7  45.3f/— 44(“S)6/j 

8  4s.3f/-4i(^S)6/ 


10  453f/-45(“S)7/ 


11  45.3</-45(“S)8/ 


1^  45^-.3f/(=D)4// 


6717.69 


4098..  53 
4094.93 
4092.63 

4098.. 57 
4094.96 


43.5.5.08 

.5041.62 


3875.78 

.3872.54 

3870.48 

3875.80 

3872.56 


3753.34 

37.50.29 


3753.34 
3750.29 

37.53.34 


■i 


3675.29 

3673.42 

,3678.21 

,3675.29 

,3678.21 


2617.66 


36732  5 

44;*i.3  15  21 


-0.61  E 


44805 

41679 

46165  15  21 


.5.8X  0-<  l.Ox  10-< 


3.5  XO- 


46182  5 

47006  15 

47006  7 

47006  5 

47006  3 

47006  7 

47006  5 

47006  7 

47550  15  21 

47.5.50  7 

475.50  5 

475.50  3 

47550  7 

^  47.550  5 

47.5.50  7 


l.Ox  10- 


5.3  X  10-< 
7.7X  10-< 
1.5  X  10-' 


-0.42  D 


0.023 

2.1 

0.017 

1.1 

0.027 

1.0 

0.0020 

0.18 

0.0022 

0.14 

,5.7X10-' 

0.0051 

0.32 

22 

0.012 

2.2 

0.011 

0.95 

0.010 

0.62 

0.012 

0.44 

9.3X  10-< 

0.080 

0.0013 

0.080 

2.6  X  10-' 

0.0022 

0.0072 

1.3 

0.0061 

0.52 

0.0062 

0.38 

0.0075 

0.27 

.38192  1  3  1.5X  10-<  .5.0X  10-' I  4.3xi0-<  -■? 


2.541.40 

2275.46 


.39.3.35  l|  .3  1  1.7X  10-^1 .5.0X  10-' 1  4.2xi0-< 
4.393.3  1 


15  454»-.3fA’  I  iipo-sp 


.3(K)6.86 

2999.64 


48551  9 


3  I  0..367 


Ca  I.  Allowed  Transitions— Coatmued 


Transition 

Multiplet 

a(A) 

filcm"’) 

£*(cni-') 

A'l 

fiii 

.S(at.  u.; 

InR/K/' 

Source 

Array 

HI 

45*-45(2S)4p 

iS-3p-> 

(1) 

6572.78 

0 

15210 

1 

.3 

2.6  X  10-' 

.5.1  X  10-' 

0.0011 

-4.29 

D  + 

4n,  5r\ 

iS-ip» 

4226.73 

0 

23652 

B 

3 

2.18 

1.75 

24.4 

0.243 

B  + 

6.1. t 

(2) 

1 

454/>— 4p* 

3po_3p 

15263 

38508 

i 

9 

1.81 

64 

0.65 

c.  + 

In. 2 

(5) 

4302.53 

15316 

38552 

5 

5 

i..36 

0.377 

26.7 

0.275 

C  + 

4r 

ln,4n 

1 

4298.99 

15210 

38465 

3 

3 

0.466 

0.129 

5.5 

-0.412 

c + 

In,  4n 

4318.65 

1.5316 

38465 

5 

3 

0.74 

0  124 

8.8 

-0.208 

c.  + 

ln.4n 

4307.74 

15210 

38418 

3 

1 

1.99 

O.iBS 

7.9 

-0.2.56 

c + 

In,  4n 
/ 

4283.01 

15210 

38552 

3 

5 

0.434 

O.’i'W 

8.4 

-0.224 

c+ 

ln,4n 

4289.36 

I5I58 

38465 

1 

3 

0.498 

7.0 

-0,.30.3 

(:+ 

In,  4n 
/ 

5857.45 

23652 

40720 

3 

5 

0.57 

33 

0.2.3 

p 

(47) 

ipo_IS 

5512.98 

23652 

41786 

3 

1 

1.1 

9.3 

-0.29 

E 

1 

(48) 

4j3t/-3t/(*D)4p' 

•D-»P 

6460.3 

20356 

35831 

15 

21 

0.47 

1.50 

0.85 

D 

(18) 

20371 

3.5897 

7 

9 

0..53 

0,42 

62 

0.47 

D 

6462.57 

20349 

35819 

5 

7 

0.41 

44 

0.31 

D 

6493.78 

20335 

35730 

3 

5 

0.46 

30 

0.14 

D 

6471.66 

20371 

35819 

7 

5.5 

-0.,59 

6499.65 

20349 

.35730 

5 

0.051 

5.5 

-0..59 

6508.a5 

20371 

357.30 

5 

0  0024 

0.16 

-2.11 

E 

3D-'D° 

(19) 

6455.60 

20349 

3.5835 

5 

0.96 

-1.35 

E 

1 

6449.81 

20335 

.35835 

5 

6.0 

-0..5.5 

3D-’D° 

5.592.5 

20356 

38232 

15 

15 

73 

0,.59 

D 

(21) 

5.588.76 

20371 

382.59 

7 

7 

0.49 

0.2.3 

30 

0,21 

D 

5594.47 

20349 

.38219 

5 

5 

17 

-0.05 

D 

5598.49 

20335 

38192 

.3 

3 

0.43 

11 

5601.29 

20371 

38219 

7 

5 

0.029 

3.7 

-0.69 

5602.85 

20349 

.18192 

5 

3 

0.14 

.3.7 

-0.70 

.5.581.97 

20,340 

.382.59 

5 

7 

0.0.39 

.3.6 

D- 

5.590.12 

20335 

38219 

.3 

5 

0,065 

.3.6 

D- 

20356 

39338 

15 

9 

0.60 

0.15 

.39 

0..3.5 

D 

(22) 

20371 

.39.340 

7 

5 

0..50 

0.15 

18 

.5265..56 

20,349 

.39.T3.5 

5 

.3 

0  11 

9.5 

miPTil 

.5262.24 

20.335 

.3 

1 

o,oa3 

4.3 

.5264.24 

5 

5 

0.091 

0.C38 

3.3 

-0.72 

5261.71 

.39.135 

.3 

.3 

0.15 

.3.2 

-0.7.3 

0- 

.52()0.39 

,39340 

.3 

5 

0.22 

E 

4.526.94 

2ia50 

4.39.13 

5 

.3 

0.41 

5.6 

1 

(.36) 

4s*-4f(*S)5p 

Ig-ipo 

2721.65 

0 

.■*o7.32 

1 

3 

0.0027 

9.0  X  10-< 

-.3.05 

D 

.3 
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Ca  I.  Allowed  Transitions  — Cora^mwerf 


N. 

Transiiiim 

Array 

Muliiplei 

A  (A) 

A.'*(<-ni-') 

Ml 

/«)( 10" 
j,,.,.-!  ) 

.fik 

.S'(ai.  u.) 

ra<*y 

27 

45'''— 45(*S)6// 

'S-'P“ 

(5  uv) 

2398.56 

0 

41679 

1 

3 

0.167 

0.0433 

0..342 

-1.364 

c+ 

28 

45’*— 45(*S)7/> 

1 Q  _  1  po 

(7  uv) 

2200.73 

0 

45425 

1 

3 

0.153 

0.0333 

0.241 

-1.478 

c 

29 

45’*-45(*S)8// 

iS-ip» 

(8  uv) 

2150.80 

0 

46480 

1 

3 

0.061 

0.0126 

0.089 

-1.90 

c 

30 

454//— 4s(’*S)4rf 

3po_3D 

(4) 

4445.0 

1526.1 

.17754 

9 

15 

0.85 

0.418 

55 

0..58 

c+ 

44.54.78 

15316 

37757 

5 

7 

0.86 

0..357 

26.2 

0.252 

c+ 

4434.% 

15210 

37752 

3 

5 

0.63 

0.312 

13.7 

-0.029 

c+ 

4425.44 

15158 

37748 

1 

3 

0.468 

0.412 

6.0 

-0.385 

c+ 

4455.89 

15316 

377.52 

5 

5 

0.208 

0.062 

4.55 

-0.51 

c+ 

i 

4435.69 

15210 

37748 

3 

3 

0.356 

0.105 

4.60 

-0.50 

c+ 

4456.61 

15316 

37748 

5 

3 

0.0245 

0.00437 

0.321 

-1.66 

c+ 

31 

454//— 45(*S)55 

apo  _  ag 

(3) 

6141.9 

15263 

31539 

9 

3 

0.66 

0.125 

22.8 

0.051 

c 

6162.17 

6122.22 

6102.72 

15316 

15210 

13158 

31539 

31539 

31539 

5 

3 

1 

3 

3 

3 

0.354 

0.231 

0.077 

0.121 

0.130 

0.129 

12.3 

7.9 

2..59 

-0.218 

-0.409 

-0.89 

c 

c 

c 

32 

454//-45(*S)5</ 

.ip»_3[) 

(9) 

3637.6 

15263 

42746 

9 

15 

0.370 

0.122 

13.2 

0.041 

c+ 

3644.41 

1.5316 

42747 

5 

7 

0.3.55 

0.099 

5.9 

-0.305 

C  f 

3630.75 

15210 

42745 

3 

5 

0.297 

0.098 

3.51 

-0..53 

c+ 

3624.11 

151.58 

42743 

1 

3 

0.212 

0.125 

1.49 

-0.90 

C  + 

3644.77 

1.5316 

42745 

5 

5 

0.094 

0.0188 

1.13 

-1.027 

c+ 

3630.97 

15210 

42743 

3 

3 

0.153 

0.0302 

1.08 

-1.043 

c+ 

3644.99 

1.5316 

42743 

5 

3 

0.0095 

0,00114 

0.068 

-2.244 

c+ 

33 

ipo-iD 

(49) 

5188.a5 

23652 

42919 

3 

5 

0.40 

0.27 

14 

p 

-0.09 

D 

34 

454/)— 45(-S)65 

3p»_3g 

(6) 

.1965.4 

15263 

40474 

9 

3 

0.305 

0.0240 

2  82 

-0.67 

c 

3973.71 

3957.05 

3948.90 

1.5316 

15210 

15158 

40474 

40474 

40474 

5 

3 

1 

3 

3 

3 

0.175 

0.098 

0.0334 

0.0248 

0.0231 

0.0234 

1.62 

0.90 

0.304 

-0.91 

-1.159 

-1.63 

c 

c 

c 

35 
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15263 
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9 

5 
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c 
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5 

3 

1 

5 

3 

5 

7 

5 

3 

5 

3 

3 
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1.65 

0.84 

0.61 

0.62 
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-0..58 
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-1.260 

-1.251 

-2..52 

c 

c 

c 

c 

c 

c 

36 

ipo-iD 

(51) 
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23652 
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3 

5 

0.080 

0.044 

-0.88 

D 
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ln,4n 

In.  4n 

ln,4n 
in.  4n 
ln.4n 
ln.4n 
ln.4n 
4n 

2 


Ca  I.  Allowed  Transitions— Continued 


No. 

Transition 

•\rray 

Multiplet 

A(A) 

fJiicm"' ) 

ft- 

■hit  10" 
sec"') 

flk 

.S(ut.  u.) 

1 

.Source 

37 

4i4p— 4i(^S)75 

spo  _  3g 

3481.1 

15263 

43981 

9 

3 

0.14 

0.0082 

0.85 

-1.13 

D 

In 

(10) 

3487.60 

15316 

43981 

5 

3 

0.078 

0.0005 

0.49 

-1.37 

D 

In 

3474.76 

15210 

43981 

3 

3 

0.046 

0.00)13 

0.28 

-1.60 

D 

In 

3468.48 

15158 

43981 

1 

3 

0.013 

0.0071 

0.081 

-2.15 

D 

In 

38 

4i4p-4i(»S)7d 

ap-JD 

3220.5 

15263 

46305 

9 

15 

0.15 

0.040 

3.8 

-0.44 

D 

In 

(13) 

3225.90 

15316 

46306 

5 

7 

0.16 

0.035 

1.9 

-0.76 

D 

In 

3215.17 

15210 

46304 

3 

5 

0.11 

0.023 

0.89 

-1.08 

D 

In 

3209.96 

15158 

46302 

1 

3 

0.073 

0.034 

0.36 

-1.47 

D 

In 

3226.16 

15316 

46304 

5 

5 

0.040 

0.0062 

0.33 

-1.51 

D 

In 

3215.34 

15210 

46302 

3 

3 

0.051 

0.0079 

0.25 

-1.63 

D 

In 

3236.32 

15316 

.5 

3 

0.0042 

4.0  X  10-" 

0.021 

-2.70 

E 

Is 

.35 

4i4p-4i(»S)8s 

jpo-aS 

3280.3 

15263 

45739 

9 

3 

0.094 

0.0050 

0.49 

-1.35 

D 

In 

(1^) 

3286.07 

15316 

45739 

5 

3 

0.053 

0.0051 

0.28 

-1.59 

D 

In 

3274.67 

1.5210 

3 

3 

0.030 

0.0048 

0.16 

-1.84 

D 

In 

3269.08 

15158 

4.5739 

1 

3 

0.0094 

0.0045 

0.048 

-2.35 

D 

In 

40 

4i4p-4i(*S)8d 

“P-3D 

3145.8 

15263 

9 

15 

0.078 

0.019 

1  8 

-0.77 

D 

In 

(15) 

3150.75 

15316 

5 

7 

0.086 

0.018 

0.93 

-1.05 

D 

In 

3140.79 

1.5210 

47P40 

3 

5 

0.049 

0.012 

0.37 

-1.44 

D 

In 

3136.02 

15158 

47U36 

1 

3 

0.041 

0.018 

0.19 

-1.74 

D 

In 

3151.27 

15316 

5 

5 

0.018 

0.0027 

0.14 

-1.87 

D 

In 

3141.16 

15210 

47036 

3 

3 

0.030 

0.0044 

0.14 

-1.88 

D 

In 

3151.64 

15316 

47036 

5 

3 

0.0022 

1.9X10-^ 

0.010 

-3.02 

E 

Is 

41 

4s4p— 44(*S)9* 

aP-aS 

3175.2 

15263 

46748 

9 

3 

0.055 

0.0028 

0.26 

-1.60 

D 

In 

(14) 

3180.52 

15316 

46748 

5 

3 

0.029 

0.0026 

0.14 

-1.89 

D 

In 

3169.84 

15210 

46748 

3 

3 

0.020 

0.0030 

0.094 

-2.05 

D 

In 

3164,60 

15158 

46748 

1 

3 

0.0053 

0.0024 

0.025 

-2.62 

D 

In 

42 

444p— 4s(*S)10s 

apo.  as 

3112.5 

15263 

47382 

B 

3 

0.034 

0.0016 

0.15 

-1.84 

D 

In 

(16) 

■ 

3117.65 

15316 

47382 

B 

3 

0.017 

0.0015 

0.077 

-2.12 

D 

In 

3107.39 

15210 

47382 

B 

3 

0.010 

0.0015 

0.046 

-2.35 

D 

In 

3102.35 

15158 

47382 

11 

3 

0.0062 

0.0027 

0.028 

-2.57 

D 

In 

Ca  II 


Ground  State  ls*2s®2p*3s*3p*45  *Si/2 

Ionization  Potential  11.87  eV=  95748.0  cm~' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  |A] 

No. 

Wavelength  [A] 

No. 

1287.2 

10 

1330.9 

8 

28 

1288.2 

10 

1368.4 

7 

28 

1304.6 

9 

1369.5 

7 

1461.2 

27 

1305.7 

9 

1433.1 

6 

1466.0 

27 

1329.8 

8 

1434.3 

6 

1458.3 

26 

250 


Ca  II.  Allowed  Tramitions— Continued 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [.4] 

No. 

1473.1 

26 

1814.6 

n 

4L20.13 

32 

1477.3 

25 

1815.04 

5001.49 

34 

1482.1 

25 

1838.08 

5019.98 

.34 

1488.8 

24 

1840.21 

5021.14 

34 

1493.7 

24 

1843.6 

5285.34 

31 

:504.2 

23 

1861.10 

5307.30 

31 

1509.2 

23 

2103.24 

8203.2 

33 

1525.3 

22 

2112.76 

8250.2 

33 

1530.4 

22 

2113.19 

8256.1 

33 

1553.5 

5 

2128.73 

2 

8498.02 

1 

1555.1 

5 

2131.43 

2 

8542.09 

1 

1555.3 

21 

2132.25 

2 

8662.14 

1 

1560.6 

21 

2197.79 

13 

9856.7 

.30 

1600.5 

20 

2208.61 

13 

9933.3 

30 

1606.1 

20 

3158.87 

16 

11836.4 

29 

1606.2 

20 

3179.33 

16 

11947.0 

29 

1642.8 

3 

3181.28 

16 

1643.8 

3 

3706.03 

12 

1644.4 

3 

3736.90 

12 

1673.8 

19 

3933.66 

11 

1680.0 

19 

3968.47 

11 

1680.1 

19 

4097.12 

35 

1691.7 

15 

4109.83 

35 

1698.1 

15 

4110.33 

35 

1807.74 

18 

4206.21 

32 

The  great  majority  of  the  values  are  taken  from  the  extensive  calculations  of  Trefftz  [1]  which 
are  based  on  the  self-consistent  field  merh^'d  and  include  core  polarization  effects.  Her  results  for 
the  3</-4p  and  4s— 4p  transitions  are  supported  by  excellent  agreement  (2-5%)  with  similar  cal¬ 
culations  of  Weiss  [3]  (SCF  with  core  relaxation)  and  Douglas  and  Carstang  [4]  (SCF  with  core 
polarization).  For  the  4s  — 4p  transition,  an  experimental  value  is  available  from  the  lifetime  meas¬ 
urements  by  Gallagher  [2]  employing  the  Hanie  effect,  which  agrees  with  10  percent  with  the 
theoretical  results.  Thus  the  average  of  the  measured  value  and  Trefftz’  calculated  result  is  adopted. 
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Ca  II.  Allowed  Transitions 


No. 

'rrunsilii-n 

Mullipicl 

X(A) 

/’.'/(cni') 

f.'idcm*') 

A'( 

A'* 

/<*((10» 

U- 

.S'(al.  u.) 

log  A'/ 

Accu- 

Array 

sec*') 

ra<*y 

1 

3d— 4p 

8579.1 

13687 

25340 

10 

6 

0.109 

0.072 

20.3 

-0.143 

c. 

(2) 

8.542.09 

13711 

25414 

6 

4 

0.099 

0.072 

12.2 

-0.365 

c 

8662.14 

136.50 

25192 

4 

2 

0.106 

0.060 

6.8 

-0.62 

c 

8498.02 

13650 

25414 

4 

4 

0.0111 

0.C121 

1.35 

-1.315 

c 

2 

3d— .5p 

JD-Vpo 

2131.5 

1.3687 

6058' 

10 

6 

0.020 

8.1X10-^ 

0.057 

-2.09 

D 

(3  uv) 

2131.43 

13711 

60613 

6 

4 

0.018 

8.lxi0-< 

0.034 

-2.31 

D 

2132.25 

13650 

60535 

4 

2 

0.020 

6.8  X  10-* 

0.019 

-2.57 

D 

2128.73 

1.3650 

60613 

4 

4 

0.0020 

1.4  X  10-< 

0.0038 

-3.25 

D 

308-022  0-09—19 


Call.  Allowed  Transitions— Contmuerf 


No. 

Transition 

Multipirt 

A(A) 

f,'((<’nT') 

A 

U,i  lo-* 

Jik 

.S(at.  u.) 

Vccu- 

Source 

■\rray 

sec"* ) 

racy 

3 

3<f— 6p 

1644.1 

13687 

74510 

10 

6 

0.014 

3.3X  10-< 

0.018 

-2.48 

D 

1 

(5uv) 

1644.4 

13711 

74522 

6 

4 

0.013 

3.4X  10-< 

0.011 

-2.69 

D 

Is 

1643.8 

13650 

74486 

4 

2 

0.014 

2.8X10-< 

0.0060 

-2.95 

D 

Is 

1642.8 

13650 

74522 

4 

4 

0.0014 

5.5X  10-» 

0.0012 

-3.66 

D 

Is 

4 

3<f-4/ 

»D-*P 

1839.2 

13687 

68057 

10 

14 

2.61 

0.185 

11.2 

0.267 

C 

1 

(4  uv) 

1840.21 

13711 

68057 

6 

8 

2.60 

0.176 

6.4 

0.024 

C 

Is 

1838.08 

13650 

68057 

4 

6 

2.44 

0.185 

4.48 

-0.131 

C 

Is 

1840.21 

13711 

68057 

6 

6 

0.173 

0.0088 

0.320 

-1.277 

C 

Is 

5 

3d-5f 

«D-*P 

1554.2 

13687 

78028 

10 

14 

1.70 

0.086 

4.40 

-0.066 

C 

1 

(6  uv) 

1555.1 

13711 

78028 

6 

8 

1.69 

0.082 

2.51 

-0.308 

C 

Is 

1553.5 

13650 

78028 

4 

6 

1.59 

0.086 

1.76 

-0.463 

C 

Is 

1.555.1 

13711 

78028 

6 

6 

0.113 

0.00410 

0.126 

-1.61 

C 

Is 

6 

3d-6f 

1433J 

13687 

83458 

10 

14 

1.08 

0.0465 

2.19 

-0..333 

C 

1 

(7  uv) 

1434.3 

13711 

834.58 

6 

8 

1.07 

0.0441 

1.25 

-0.58 

c 

Is 

1433.1 

13650 

83458 

4 

6 

1. 01 

0.0466 

0.88 

-0.73 

C 

Is 

1434.3 

13711 

83458 

6 

6 

0.072 

0.00222 

0.063 

-1.88 

C 

Is 

7 

3d-lf 

i, 369.7 

13687 

86728 

10 

14 

0.71 

0.0280 

1.26 

-0.55 

C 

1 

[1369.5] 

13711 

86728 

6 

8 

0.71 

0.0266 

0.72 

-0.80 

C 

Is 

1368.4 

13650 

86728 

4 

6 

0.66 

0.0277 

0.50 

-0.96 

C 

Is 

[1369.5] 

13711 

86728 

6 

6 

0.0473 

0.00133 

0.0360 

-2.098 

C 

Is 

8 

3d-8f 

»D-»P 

1330.5 

13687 

88848 

10 

14 

0.490 

0.0182 

0.80 

-0.74 

C 

1 

1330.91 

13711 

88848 

6 

8 

0.491 

0.0174 

0.457 

-0.98 

C 

Is 

1329.8 

13650 

88848 

4 

6 

0.459 

0.0182 

0.320 

-1.138 

C 

Is 

[1330.9 

13711 

88848 

6 

6 

0.0328 

8.7X  10-< 

0,0229 

-2.282 

C 

Is 

9 

3d-9f 

1305.3 

13687 

90300 

10 

14 

0.350 

0.0125 

0.54 

-0.90 

C 

1 

[1305.7] 

13711 

90300 

6 

8 

0.352 

0.0120 

0.309 

-1.143 

C 

Is 

1304.6 

13650 

90300 

4 

6 

0.328 

0.0126 

0.216 

-1.298 

C 

Is 

[1305.7] 

13711 

90300 

6 

6 

0.0234 

6.0  X  10-< 

0.0154 

-2.444 

C 

Is 

10 

3d-\Qf 

«D-«P 

1287.8 

13687 

91338 

10 

14 

0.259 

0.0090 

0.382 

-1.046 

c 

1 

[1288.2 

13711 

91338 

6 

8 

0.258 

0.0086 

0.218 

-1.287 

c 

Is 

1287.2 

13650 

91338 

4 

6 

0.242 

0,0090 

C.1,53 

-1.444 

c 

Is 

[1288.2 

13711 

91338 

6 

6 

0.0172 

4.28X  10-< 

0.3109 

-2.59 

c 

Is 

11 

4s— 4i/ 

«S-«P 

:m5.2 

0 

2.5:140 

2 

6 

1.48 

1.04 

27.0 

0.318 

(;  + 

1.  2 

(11 

3933  66 

0 

25414 

2 

4 

1..50 

0.69 

18.0 

0.140 

(:  + 

I.H 

.3968.47 

0 

25192 

2 

2 

1.46 

0,.344 

9.0 

-0.162 

(:+ 

Is 

12 

4/>  —5s 

«P-«S 

3726.5 

2.5.140 

.52167 

6 

2 

2.49 

0.173 

12.7 

0.016 

c 

1 

(3) 

3736.90 

2.5414 

.52167 

4 

2 

1.65 

0.173 

8.5 

-0.160 

c 

Is 

3706.03 

25192 

.52167 

2 

2 

0.84 

0.173 

4.22 

-0.461 

c 

Is 

13 

4/>—6s 

jp»_jS 

2205.0 

2.5340 

70678 

6 

2 

0.93 

0.0227 

0.9*.? 

-0.87 

c 

1 

(8  uv) 

2208.61 

2.5414 

70678 

4 

2 

0.62 

0.0227 

0.66 

-1.042 

c 

Is 

2197.79 

25192 

70678 

2 

2 

0.313 

0.0227 

0.328 

-1..343 

c 

Is 

14 

4/>—7s 

«P-«S 

1848.1 

25340 

794.5fJ 

6 

2 

0.463 

0.0079 

0.288 

-1.324 

c 

1 

(10  uv) 

1851.10 

2.5414 

794.50 

4 

2 

0.308 

0.0079 

9.1  .1 

-1..50 

c 

Is 

1843.6 

25192 

794.50 

2 

2 

0, 1.55 

0.0079 

0.056 

-1.80 

c 

Is 

252 


Ca  II .  Allowed  Transitions — Continued 


N(i. 

Transition 

Array 

Mulliplel 

X(A) 

£t(tm-') 

Oi 

A'a 

-4«(10» 

sec"') 

h 

.S(al.  u.) 

Bi 

Source 

15 

4/>— 8s 

jp_JS 

16%.0 

25340 

84303 

6 

2 

0.269 

0.00387 

0.130 

-1.63 

c 

1 

1698.1] 

i 

25414 

84303 

4 

2 

0.179 

0.00387 

0.087 

-1.81 

c 

Is 

;i691.7] 

25192 

84303 

2 

2 

0.090 

0.00387 

0.0431 

-2.111 

c 

Is 

16 

4/>-4</ 

2p_SD 

3172.6 

25340 

.56851 

6 

10 

3.62 

0.91 

57 

0.74 

r- 

1 

(4) 

3179.33 

25414 

,56859 

4 

6 

3.59 

0.82 

34.2 

0..52 

c 

Is 

3158.87 

25192 

,56839 

2 

4 

3.05 

0.91 

19.0 

0.260 

c 

Is 

3181.28 

25414 

56839 

4 

4 

0.60 

0.091 

3.80 

-0.439 

c 

Is 

17 

4p— 5«/ 

2po_2Q 

2109.6 

25340 

72727 

6 

10 

1.10 

0.122 

5.1 

-0.135 

r 

1 

(9  uv) 

2112.76 

25414 

72731 

4 

6 

1.10 

0.110 

3.06 

-0.357 

c 

Is 

2103.24 

25192 

72722 

2 

4 

0.93 

0.123 

1.70 

-0.61 

c 

Is 

2113.19 

25414 

72722 

4 

4 

0.182 

0.0122 

0.340 

-1.312 

c 

1.1 

18 

4p—6d 

2P®_2D 

1812.1 

25340 

80526 

6 

10 

0.490 

0.0402 

1.44 

-0.62 

c 

1 

(11  uv) 

1815.04 

25414 

80528 

4 

6 

0.486 

0.0360 

0.86 

-0.84 

c 

Is 

1807.74 

25192 

80523 

2 

4 

0.412 

0.0403 

0.480 

-1.094 

c 

Is 

[1814.6] 

25414 

80523 

4 

4 

0.081 

0.00402 

0.096 

-1.79 

c 

Is 

19 

ip— Id 

2P®_2D 

1677.9 

25340 

84937 

6 

10 

0.266 

0.0187 

0.62 

-0.95 

c 

1 

[1680.01 

2.5414 

84938 

4 

6 

0.265 

0.0168 

0.372 

-1.173 

c 

Is 

1673.8' 

25192 

84935 

2 

4 

0.224 

0.0188 

0.207 

-1.425 

c 

if 

[1680.1  j 

25414 

84935 

4 

4 

0.0441 

0.00187 

0.0413 

-2.126 

c 

Is 

20 

ip—8d 

2P«_2D 

1604.2 

25340 

87677 

6 

10 

0.162 

0.0104 

0.330 

-1.205 

c 

1 

1 

[1606.r 

25414 

87676 

4 

6 

0.161 

0.0094 

0.198 

-1.425 

c 

Is 

1600.5' 

25192 

mu 

2 

4 

0.136 

0.0104 

0.110 

-1.68 

c 

Is 

[1606.2' 

25414 

87674 

4 

4 

0.0269 

0.00104 

0.0220 

-2.381 

c 

Is 

21 

ip—9d 

2P“_2U 

1558.8 

25340 

89491 

6 

10 

0.105 

0.0064 

0.197 

-1.416 

c 

1 

1 

1 

[1560.6' 

25414 

89491 

4 

6 

0.105 

0.0057 

0.118 

-1.64 

c 

Is 

1555.3 

25192 

89490 

2 

4 

0.089 

0.0064 

0.066 

-1  89 

c 

Is 

[1560.6 

25414 

89490 

4 

4 

0.0175 

6.4X10-« 

0.0131 

-2.59 

c 

Is 

22 

ip-lQd 

2P°_2U 

1528.7 

2.5.140 

907.56 

6 

10 

0.073 

0.00428 

0.129 

-1.59 

c 

1 

1 

[15.30.4] 

2.5414 

907.56 

4  ' 

6 

0.073 

0.00382 

0.077 

-1.82 

c 

Is 

I 

1.525.3 

25192 

9075.5 

2 

4 

0.061 

0.00428 

0.0430 

-2.068 

c 

Is 

1 

[1.5.30.4] 

2.5414 

907.55 

4 

4 

0.0122 

4.27  X  lO-" 

0.0086 

-2.77 

c 

Is 

2.1 

ip-\\d 

2po_2D 

1507.5 

25340 

91674 

6 

10 

0,053 

0.00302 

0.090 

-1.74 

c 

1 

1 

[1509.2] 

25414 

91674 

4 

i  6 

0.053 

0.00272 

0.054 

-1.96 

c 

Is 

1 

1.504.2 

25192 

91674 

2 

1  * 

0.0446 

0.00303 

0.0300 

-2.218 

c 

Is 

1 

[1.509.2] 

2.5414 

91674 

4 

!  4 

0.0088 

3.02  X  10-« 

0.0060 

-2.92 

c 

Is 

21 

ip-\2d 

1492.1 

2.5340 

92361 

6 

10 

0.0399 

0.00222 

0.065 

-1.88 

c 

1 

[1493.7] 

2.5414 

92361 

4 

6 

0.0395 

0.00198 

0.0390 

-2.101 

c 

/- 

[1488.81 

25192 

92361 

2 

4 

0.0333 

0.00221 

0.0217 

-2.3.55 

c 

Is 

[149.3.7] 

2.5414 

92361 

4 

4 

0.0066 

2.20  X  10-< 

0.00433 

-3.056 

c 

Is 

25 

ip -lid 

2p_2D 

1480.5 

2.5340 

928a5 

6 

10 

0.0305 

0.00167 

0.0488 

-2.000 

c 

1 

1 

[1482.1] 

2.5414 

928a5 

4 

6 

0.0304 

0.00150 

0.0293 

-2.222 

c 

Is 

1 

1477.3 

25192 

928a5 

2 

4 

0.02.56 

0.00168 

0.0163 

-2.474 

c 

Is 

1 

1 

[1482.1] 

25414 

92885 

4 

4 

0.0051 

1.67  X  10-* 

0.00325 

-3.175 

c 

Is 

253 


Call.  Allowed  Transitions  — Corafmaed 
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Ca  11 


Forbidden  Transitions 

The  line  strength  for  the  magnetic  dipole  3d— 3d  transition  is  a  straight  number,  tabulated 
for  example  by  Osterbro^k  [1|.  The  transition  probability  should  also  be  quite  accurate,  since  the 
energy  level  difference  is  accurately  known.  Osterbrock's  electric  quadrupole  values  are  regarded 
as  quite  uncertain  since  in  cases  where  more  recent  data  are  available  he  has  not  compared  very 
well. 

Reference 


in  OslerbriKk,  D.  E.,  Aslrophys.  J.  1 14,  469-472  (1951). 


Ca  II.  Forbidden  Transitions 


Transition 

X(,4) 

Type  of 

Accu- 

No, 

Array 

.Multiple! 

£/(em' ') 

fstcm-') 

Ki 

Hk 

Transi- 

Akdsec-') 

S(at.u.) 

racy 

Source 

tion 

1 

.v-cstw 

o 

6 

[  16.477  X  1()»] 

136.50.2 

5.3710.9 

4 

6 

m 

2.41  X  10-« 

2.40 

A 

1 

2 

4s-('S);w 

^S-»D 

(IF) 

7291.46 

0.00 

13710.9 

2 

6 

e 

1.3 

96 

E 

1 

7323. 8« 

0.00 

136,50.2 

2 

4 

e 

1.3 

6.5 

E 

1 

Caiv 


Ground  State  \5^2s^2i>W3i)^ 

Ionization  Potential  67  eV=  542000  cm"* 

Allowed  Transitions 

A  value  is  available  f(»r  one  multiplet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  (1).  This  result  should  be  quite  uncertain  (probably  loo  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 


Reference 

|1|  Varsavsky.  C.  M..  Asiriiphys.  J.  Suppl.  Ser.  6,  Nii.  53,  75  (1961). 


Ca  IV.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

a(A) 

£.'»(cm-') 

r 

« 

fCk 

-4*, (10* 
sec"') 

fk 

S(at.  u.) 

Source 

1 

3s'^3/)“— .3s.3/)* 

q»_sS 

660..54 

i(m 

1.52430 

6 

2 

170 

0.37 

4.8 

0..3.5 

E 

1 

(6.56.(M] 

0 

1.52430 

4 

2 

120 

0.37 

3.2 

0.17 

E 

Is 

[669.73] 

311.5 

1.52430 

2 

2 

54 

0.36 

1.6 

-0.14 

E 

Is 

255 


Ca  iV 

Forbidden  Transitions 


The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  «...ample  by  Naqvi  [IJ.  The  transition  probability  should  also  be  quite  accurate,  since 
the  energy  level  difference  is  accurately  known. 

Reference 


|1|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 


Ca  IV.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

a(A) 

£i(cm'') 

Ki 

A- 

Type  of 
Transi¬ 
tion 

■Ik;  see') 

-S’lat.u.) 

Accu¬ 

racy 

Source 

1 

3/r>-3/r» 

ipo-spo 

[3209(] 

0 

311.5 

4 

2 

m 

O-.-vW 

l.,33 

A 

1 

Cav 


Ground  State  \s^2s^2p*3s^3p^ 

Ionization  Potential  84.39  eV  =  680800  cm*' 

Allowed  Transitions 

A  value  is  available  for  one  muii.'plet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  [1|.  This  result  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 

Reference 

[1]  Varsavsky,  C.  M.,  Asirnphys.  J.  Suppl.  Ser.  6,  No.  53,  75  (1%1). 


CaV.  Allowed  Transitions 


No. 

Transition 

Array 

Multiple! 

x(A) 

£((cm"') 

IT 

3 

A 

1 

A 

.4*1(10" 

sec*') 

/» 

S(at.  u.) 

logs/' 

Source 

1 

3s‘3i)*  —  3s3/>* 

sp—sp 

647.01 

im 

ismi 

9 

H 

100 

0.63 

12 

0.75 

V. 

1 

646..%] 

0 

1.54664 

5 

76 

0.48 

.5.1 

0..38 

E 

Is 

647.87' 

240'4 

l.%7.% 

3 

25 

0.16 

1.0 

-0.32 

E 

Is 

637.93' 

0 

l.%7.':6 

5 

■M 

44 

0.16 

1.7 

-0.10 

E 

!s 

643.12 

240t 

157897 

3 

1 

IK) 

0.22 

1.4 

-0.18 

E 

Is 

6.%.77' 

24(4 

1.54^^ -4 

3 

5 

24 

0.26 

1.7 

-0.11 

E 

Is 

j 

651. .5.5] 

J 

3276 

l.%7.5s 

1 

3 

.34 

0.65 

1.4 

-0.19 

E 

Is 

256 


Ca  V 

Forbidden  Transitions 


As  in  the  case  of  Na  IV  the  adopted  values  are  taken  from  Naqvi  [1],  and  Malville  and  Berger  [2]. 
For  a  discussion  on  the  selection  of  values  see  NalV,  since  the  same  criteria  have  been  applied. 

References 

[I|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 

(2)  Malville,  J.  M.,  and  Berger,  R.  A..  Hanelary  and  Space  Science  13,  1131  (1965). 


Ca  V.  F  orbidden  Transitions 


Transition 

Array  Mulliplet  X(A) 


.3/)<-3/><  ='P-='P 


^P-'D 

'’F) 


»P-'S 


'D-'S 

(2F) 


[11.49X  1()«] 


.S309.18 

.5309.18 

6086.92 

6086.92 

[6427.4] 


2280.0 

2412.3 


.39%.  3 


£i(cm"‘)  l£»(cm"') 


0 

0 

0 

2406.0 


0 

0 

2406.0 

2406.0 

3276 


2406.0  5 

2406.0  5 

3276  5 

3276  3 


18830.1 

18830.1 

18830.1 

18830.1 

18830.1 


Type  of 
Transi¬ 
tion 


0  43847  5  1 

2406.0  43847  3  1 


18830.1  43847  .5  1 


S(at.a.) 

Accu¬ 

racy 

Source 

7.1X10-* 

1.57 

c- 

1.  2 

0.311 

2.48 

B 

1.2 

4.5  X  10-> 

0.71 

C- 

2 

0.0354 

1.99 

B 

1.  2 

0.0063 

0.079 

D- 

1.2 

1.93 

0.054 

C 

1.2 

4.6X  10-< 

0.011 

D- 

1.2 

0.431 

0.0180 

C 

1.2 

l.lXl0-< 

0.0037 

D- 

2 

0.16 

0.0057 

D- 

2 

24 

0.0125 

C 

2 

4.6 

2.79 

C- 

2 

Ca  VI 

Ground  State  Is*2s*2/>«3s*.3/;3  sss,. 

Ionization  Potential  109  eV 

Allowed  Transitions 

A  value  is  available  for  one  multiplet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  [Ij.  This  result  should  be  quite  uncertain  (probably  too  high,  as  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 


Reference 

(I|  Varsavsky,  C.  M..  Astruphys.  J.  Suppl.  Ser.  6,  No.  53,  75  (1961). 


257 


CaVl.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

£i(crn-') 

ft 

da 

.4*, (10" 

sec"') 

fit: 

-S(at.  u.) 

Accu¬ 

racy 

Source 

1 

3i»3/»»-3s3p< 

Mr.io 

0 

I56%0 

4 

12 

48 

0.88 

7.4 

0..5,5 

E 

1 

[641.88] 

0 

1.5.S792 

4 

6 

47 

0.44 

3.7 

0.2.5 

E 

Is 

633.81 

0 

1.S777.S 

4 

i 

,50 

0.30 

2..5 

0.08 

E 

Is 

629..59] 

0 

1.58833 
i _ 

4 

2 

49 

0.14 

1.2 

-0.25 

_  .  .  .  -  _j 

E 

Is 

Ca  VI 

Forbidden  Transitions 

For  this  ion,  the  only  available  source  is  Pasternack  [1|. 

Reference 

[1]  Pasiernack.  S.,  Asirophys.  J.  92,  129-155  (1940). 


Ca  VI.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£*(cm'') 

ft 

A 

Type  of 
Transi¬ 
tion 

.4w(sec-') 

,S(al.u.) 

Accu¬ 

racy 

Source 

1 

3p»-3p» 

4So_JDO 

(IF) 

3646.3 

0 

27417 

4 

6 

m 

0.0066 

7.1  X  10-5 

c- 

1 

3646.3 

0 

27417' 

4 

6 

e 

0.013 

0.030 

D- 

1 

3702.7 

0 

'27000 

4 

4 

m 

0.28 

0.00211 

C- 

1 

3702.7 

0 

’27OOOI 

4 

4 

e 

0.0081 

0.013 

D- 

1 

2 

__  jpo 

2206.3 

0 

45310 

4 

4 

m 

12 

0.0191 

C 

1 

2206.3 

0 

45310' 

4 

4 

2.9  X  10* 

3.6  X  10-" 

D- 

1 

'2233.7 

0 

44754 

4 

2 

4.8 

0.00397 

C 

1 

[2233.7 

0 

[44754I 

4 

2 

wm 

0.0020 

1.3  X  10-' 

D- 

1 

3 

24.0  X  10*1 

[27000 

27417 

4 

6 

m 

7.83  X  10-* 

2.40 

B 

1 

[24.0X10*1 

[27000l 

[27417] 

4 

6 

e 

8.2X  10-" 

0.23 

D- 

1 

4 

iDo_«p 

(2F) 

5587.2 

27417 

45310 

6 

4 

m 

2.1 

0.0.54 

C 

1 

5587.2 

27417 

gSMtil 

6 

4 

e 

0.78 

10. 

D- 

1 

5631.0 

27000 

44754^ 

4 

2 

m 

2.3 

0.0305 

C 

1 

5631,0 

27000 

44754 

4 

2 

0.64 

4.3 

D- 

1 

5766.4 

27417 

44754 

6 

2 

0.39 

3.0 

D- 

1 

5460.0 

27000 

EM 

4 

4 

3.9 

0.094 

C 

1 

.5460.0 

[27000] 

m 

4 

4 

mm 

0..3.5 

4.0 

D- 

1 

5 

*po_*po 

[17.98  X  10*1 

447541 

\ 

2 

4 

m 

0.001.54 

1.33 

B 

1 

[17.98x10*1 

[44754‘ 

Sm 

2 

4 

e 

2.2  X  lO-'" 

0.098 

D- 

1 

I 
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Ca  VII 


y  » 


% 


Ground  State  l5*25*2p*35*3p*  ®Po 

Ionization  Potential  128  eV  =  1030000  cm"' 

Allowed  Transitions 

A  value  is  available  for  one  multiplet  of  this  ion  from  the  screening-approximation  calculations 
of  Varsavsky  [Ij.  This  result  should  be  quite  uncertain  (probably  too  high,  us  judged  from  compari¬ 
sons  in  other  ions),  since  the  possibly  important  effects  of  configuration  interaction  have  not  been 
taken  into  account. 

Reference 

|I|  Varsavsky,  C.  M.,  Aslrophys.  J.  Suppl.  Ser.  6,  No.  53,  75  (1961). 


Ca  VII.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

f/lcm"') 

falcm"') 

fi 

fk 

.4*1  (10» 
sec"*) 

Jik 

S(at.  u.) 

logRf 

Accu¬ 

racy 

Source 

1 

3p_3D® 

634  72 

2803 

160354 

9 

15 

42 

0.43 

8.0 

0.59 

E 

1 

[639.15] 

4070 

160527 

5 

7 

41 

0.35 

3.7 

0.24 

E 

U 

630.51 

1627 

160228 

3 

5 

32 

0.32 

2.0 

-0.02 

E 

Is 

624.38 

0 

160160 

1 

3 

25 

0.43 

0.89 

-0.37 

E 

Is 

640.38 

4070 

160228 

5 

5 

10 

0.064 

0.67 

-0.49 

E 

Is 

630.78 

1627 

160160 

3 

3 

18 

0.11 

0.67 

-0.48 

E 

Is 

[640.66] 

4070 

160160 

5 

3 

1.1 

0.0042 

0.044 

-1.68 

E 

Is 

Ca  VII 

Forbidden  Transitions 

Since  their  methods  are  essentially  the  same,  the  averaged  values  of  Naqvi  [1],  Malville  and 
Berger  [2],  and  Krueger  and  Czyzak  [3]  have  been  normally  used  for  the  magnetic  dipole  lines.  Naqvi 
has  not  been  included  for  the  ®P  — 'S  transition,  where  the  effects  of  configuration  interaction 
become  important  (see  General  Introduction).  All  values  fur  the  electric  quadrupole  transition 
probabilities  have  been  taken  from  Krueger  and  Czyzak,  since  their  electric  dipole  moment  Sq  has 
been  obtained  by  using  self-consistent  field  wavefunctions  with  exchange. 

References 

|I|  Naqvi.  A.  M..  Thetis  Harvard  (1951). 

|2|  Malville.  J.  M.  and  Berger.  R.  A..  Planetary  and  Space  Science  13,  1131  (1965). 

|3|  Krueger.  T.  K.  and  Czyzak.  S.  J.,  Aslmphys.  J.  144,  1194(1966). 
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CaVll.  Forbidden  Transitions 


Ground  State 


Ca  Vlll 


ls*2s-2p«3s*3p*P?/* 


Ionization  Potential 


147  eV=  1189000  cm'* 


Allowed  Transitions 

The  screening-approximation  calculations  of  Varsavsky  [1]  for  the  3s*3p*P®— 3s3p**D  multi- 
plet  are  considered  to  be  rather  uncertain  (probably  too  high,  as  judged  from  comparisons  in  other 
ions)  since  the  important  effects  of  configuration  mixing  are  neglected  entirely.  Gruzdev  and 
Prokofev  [2]  have  carried  out  Coulomb  approximation  calculations  modified  with  the  Seaton 
correction  for  the  3p*P°— 4s*S  multiplet;  these  results  should  be  reliable  to  within  25  percent, 
as  judged  from  plots  depicting/-value  dependence  on  nuclear  charge. 

References 

[1]  Varsavaky.  C.  M.,  Aalrophya.  J.  Suppl.  Ser.  6,  No.  53,  75  11961). 

[21  Gruzdev,  P.  F.,  and  Prokofev,  V,  K.,  Optics  and  Speclruacopy  (H.S.S.R.)  21,  I5I-I.52  (1966). 
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CO  fO  CO  CO 


V 


Ca  viil 

Forbidden  Transitions 

The  line  strength  for  the  one  ir«nGicion  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate, 
since  the  energy  level  difference  is  accurately  known. 

Reference 

[1|  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 

Ca  Vlll.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

x(A) 

fi(cm*') 

Eicicm^') 

gi 

gk 

Type  of 
Transi¬ 
tion 

4*.|(sec-‘) 

S(at.u.) 

Accu¬ 

racy 

Source 

1 

3p-('S)3p 

2po_jpo 

[23222] 

0 

4305 

2 

1 

m 

0.716 

1.33 

■ 

1 

Ca  IX 


Ground  State 


ls*2s*2p»35*  'So 


Ionization  Potential 


188  eV  =  1519000  cm"' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

100.65 

7 

161.98 

5 

398.7 

4 

100.% 

7 

162.37 

5 

466.23 

1 

100.97 

7 

163.23 

5 

498.00 

2 

129.20 

6 

371.90 

3 

503.28 

2 

129.42 

6 

373.80 

3 

506.16 

2 

129.45 

6 

373.98 

3 

507.09 

2 

129.93 

6 

378.09 

3 

512.06 

2 

129.97 

6 

378.38 

3 

515.57 

2 

129.99 

6 

378.57 

3 

The  two  available  sources  for  this  ion  are  the  calculations  of  Zare  [1],  which  include  con¬ 
figuration  interaction  employing  Hartree-Fock-SIater  wave  functions  as  a  starting  point,  and  the 
charge-expansion  method  of  Crossley  and  Dalgarno  [2]  which  also  includes  configuration  inter¬ 
action  but  in  a  more  limited  way.  For  many  of  these  transitions,  the  dependence  of  oscillator 
strength  on  nuclear  charge  has  served  as  an  aid  in  estimating  accuracies. 

References 


[li  Zarr .  R.  N..  J.  Chem.  Phy..  47, 3561-3572  (1967). 

[2]  Crossley,  R.  J.  S.,  and  Daliramo,  A.,  Proc.  Roy.  Soc.  London  A286,  510  (1965). 
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CalX.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

^(A) 

£((cm"') 

£*(cm-') 

fi 

A* 

/tw(10“ 

sec*') 

/.* 

5(at.  u.) 

logfif 

Accu¬ 

racy 

Source  1 

1 

3s*-3s(*S)3p 

'S-'P” 

[466.23] 

0 

214488 

1 

3 

112 

1.09 

1.68 

0.037 

B 

1 

2 

f 

1 

sp®— ap 

506.69 

145764 

343122 

9 

9 

95 

0.366 

5.5 

0..52 

C-f 

2 

506.16] 

147370 

344935 

5 

5 

72 

0.275 

2.29 

0.138 

C-f 

Is 

507.09 

144130 

341333 

0 

3 

23.V 

0.091 

0.458 

-0.56 

c 

Is 

515.57 

147370 

341333 

5 

3 

37.5 

0.090 

0.76 

-0.347 

c 

Is 

512.06' 

1441.30 

330420 

3 

1 

92 

0.121 

0.61 

-0.440 

c 

^498.00 

144130 

344935 

3 

5 

24.9 

0.155 

0.76 

-0.333 

c 

Is 

[503.28 

142635 

341333 

1 

3 

32.3 

0.368 

0.61 

-0.434 

c 

Is 

3 

3s3p-3s(*S)3<f 

3po_3J) 

376.00 

145764 

411723 

9 

15 

152 

0.54 

6.0 

0.69 

c 

1 

[378.091 

147370 

41ia58 

5 

7 

150 

0.450 

2.80 

0.352 

c 

Is 

373.80 

144130 

411652 

3 

5 

116 

0.406 

1.50 

0.086 

c 

Is 

371.90 

142635 

411525 

1 

3 

88 

0.55 

0.67 

-0.260 

c 

Is 

378.38’ 

147370 

411652 

5 

5 

37.4 

0.080 

0.50 

-0.398 

c 

Is 

373.98] 

144130 

411525 

3 

3 

65 

0.135 

0..50 

-0.393 

c 

Is 

[378.57 

147370 

411525 

5 

3 

4.1 

0.0053 

0.033 

-1.58 

E 

Is 

4 

ipo-ip 

[398.7] 

214488 

[465300] 

3 

5 

220 

0.89 

3.5 

0.43 

D 

1 

5 

3s3p-3sC*S)4i 

3p_3S 

162.80 

145764 

760002 

9 

3 

680 

0.090 

0.436 

-0.092 

C 

1 

[163.23 

147370 

760002 

5 

3 

376 

0.090 

0.242 

-0.347 

C 

Is 

162.37 

144130 

760002 

3 

O 

229 

0.090 

0.145 

-0.57 

C 

Is 

[161.98 

142635 

760002 

1 

3 

77 

0.091 

0.0484 

-1.041 

C 

Is 

6 

3*3p-34(*S)4d 

3p_3D 

129.69 

145764 

916852 

9 

15 

510 

0.22 

0.83 

0.29 

D 

1 

[129.93] 

147370 

916990 

5 

7 

510 

0.18 

0.39 

-0.04 

D 

Is 

129.42 

144130 

916780 

3 

5 

390 

0.16 

0.21 

-0.31 

D 

Is 

129.20 

142635 

916652 

1 

3 

290 

0.22 

0.092 

-0.67 

D- 

Is 

129.97 

147370 

916780 

5 

5 

130 

0.032 

0.069 

-0.79 

D- 

Is 

129.45 

144130 

916652 

3 

3 

220 

0.054 

0.069 

-0.79 

D- 

Is 

129.99 

147370 

916652 

5 

3 

14 

0.0022 

0.0046 

-1.97 

E 

Is 

7 

3s3p-3s(*S)5d 

3p®-.3[) 

100.96 

147370 

1137880 

5 

7 

240 

0.051 

0.085 

-0.59 

D 

1,  Is 

100.65' 

144130 

1137720 

3 

5 

180 

0.046 

0.046 

-0.86 

D 

K  Is 

[100.97] 

147370 

1137720 

5 

5 

60 

0.0091 

0.015 

-1.34 

D 

1,  Is 

Ca  IX 

Forbidden  Transitions 

Naqvi’s  calculations  [1]  are  the  only  available  source.  The  results  for  the  3po_3p®  transi¬ 
tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the 
transitions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should 
be  partially  included. 

Reference 


[1|  Naqvi,  A.  M..  Thesis  Harvard  (19S1). 


Ca  IX.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£i(cm"') 

fli 

ffk 

Type  of 
Transi¬ 
tion 

Aki{»ec-') 

S(at.ii.) 

Accu¬ 

racy 

Source 

1 

3s?jp— 

3po_3po 

■ 

■ 

[66870] 

BBS 

144130 

1 

3 

m 

0.0601 

2.00 

1 

[.'10860] 

BBI 

147370 

3 

.s 

m 

0.459 

2.50 

u 

1 

2 

3po_ipo 

Ml 

[1391.7] 

BBS 

214488 

1 

3 

m 

7.5 

0.00225 

C 

1 

[1421.3] 

BBS 

214488 

3 

3 

m 

158 

0.050 

C 

1 

-  — . 

[1489.9] 

mm 

214488 

5 

3 

m 

7.7 

0.00282 

c 

1 

CaX 


Ground  State 


ls*2s*2p®3s  *Si/j 


Ionization  Potential 


211.29  eV  =  1704660  cm"' 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  (A) 

No. 

Wavelength  (A) 

No. 

Wavelength  [A] 

No. 

110.96 

2 

206.75 

5 

557.74 

1 

111.20 

2 

207.39 

5 

574.01 

1 

118.20 

7 

369.29 

10 

1137.0 

9 

151.83 

4 

371.90 

10 

11.59.1 

9 

1.53.01 

4 

411.69 

3 

1162.1 

Q 

167.00 

6 

419.76 

3 

1462.6 

8 

206.57 

5 

420.49 

3 

1504.5 

8 

Two  sources  of  data  are  available  for  this  ion:  the  calculations  of  Stewart  and  Rotenberg  [1], 
employing  a  scaled  Thomas-Fermi  potential,  and  the  charge-expansion  formulation  of  Crossley 
and  Dalgarno  [2],  which  includes  limited  configuration  mixing.  Graphical  comparisons  of  both  works 
with  more  refined  values  within  the  isoelectronic  sequence  indicate  accuracies  within  25  percent. 
A  number  of  additional  values  have  been  obtained  from  studies  of  the  f-value  dependence  on  nuclear 
charge.  The  reliable  material  available  for  other  ions  of  this  isoelectronic  sequence  in  these  cases 
permits  the  determination  of  reliable  values  simply  by  graphical  interpolation. 

References 


[1]  Slewarl,  J.  C..  and  Rnlenberg,  M.,  Phy*.  Rev.  140,  1508A-I519A  (1965). 

[2]  Crosaley.  R.  J.  S..  and  Dalgarno,  A.,  Pnir.  R-iy.  Sor.  London  A286,  510-518  (1965). 
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CaX.  Allowed  Transitions 


No. 

Transition 

Array 

Muliiplel 

x{A) 

£((cm*') 

£*(cm-') 

fO 

A 

/f»i(10« 

sec"') 

/(* 

■ 

Source 

1 

3s— 3p 

jg-ipo 

sesM 

0 

177601 

2 

6 

37.2 

0.53 

l.% 

C 

1 

37.5 

0.350 

1.29 

c 

Is 

557.741 

0 

179295 

2 

4 

35.4 

0.175 

0.66 

-0.456 

c 

Is 

[574.01] 

0 

174214 

2 

2 

2 

3s— 4p 

JS-ip» 

111.04 

0 

900575 

2 

6 

261 

0.145 

0.106 

-0.54 

c 

1 

[110.96] 

0 

901210 

2 

4 

263 

0.097 

0.071 

-0.71 

c 

Is 

1 

[111.20] 

o' 

899305 

2 

2 

261 

0.0483 

0.0354 

-1.015 

c 

Is 

3 

3p-3d 

jpo_2p^ 

1 

417.08 

177601 

417361 

6 

1 

M 

97 

0.420 

3.46 

0.401 

c 

2 

1 

[419.76] 

179295 

417527 

4 

6 

95 

0.376 

2.08 

0.177 

c 

is 

411.69 

174214 

417113 

•> 

A 

4 

83 

0.424 

1.15 

-0.072 

c 

Is 

[420.49] 

179295 

417113 

4 

4 

16 

0.042 

0.23 

-0.78 

D 

Is 

4 

3p— 4s 

ipO-2S 

152.62 

177601 

832838 

6 

2 

740 

0.086 

0.26 

0.29 

C 

inlerp 

[153.011 

179295 

832838 

4 

2 

480 

0.084 

0.17 

0.47 

C 

Is 

i 

[151.83] 

174214 

832838 

2 

2 

250 

0.087 

0.087 

0.76 

c 

Is 

5 

3d— 4p 

JD-SP' 

206.95 

417361 

900575 

10 

6 

290 

0.11 

0.75 

0.04 

c 

inlerp 

[206.751 

417527 

901210 

6 

4 

260 

0.11 

0.45 

-0.18 

c 

h 

207.39' 

417113 

899305 

4 

2 

280 

0.092 

0.25 

-0.43 

c 

Is 

[206.57] 

417113 

901210 

4 

4 

29 

0.018 

0.050 

-1.14 

D 

Is 

6 

1 

3d-4/ 

SD-2F° 

167.00 

417361 

1016167 

10 

14 

1600 

0.93 

5.1 

0.97 

C  + 

interp 

7 

3d- 5/ 

118.20 

417361 

1263357 

10 

14 

580 

0.17 

0.66 

0.23 

C 

inlerp 

8 

4s— 4p 

*S-’P 

1476.3 

832838 

900575 

2 

6 

7.3 

0.72 

7.0 

0.16 

C 

inlerp 

[ 

1462.6] 

832838 

901210 

2 

4 

7.6 

0.49 

4.7 

-0.01 

C 

Is 

[ 

1504.5] 

832338 

8993051 

1 

2 

2 

6.8 

0.23 

2.3 

-0.34 

c 

Is 

9 

4p— 4d 

jp»-*D 

1151.8 

900575 

987394 

i 

6 

m 

25 

0.83 

19 

0.70 

c 

interp 

1159.1] 

901210 

987484 

4 

6 

24 

0.72 

11 

0.46 

c 

Is 

1137.0 

899305 

987259 

2 

4 

22 

0.84 

6.3 

0.23 

c 

Is 

1162.1] 

901210 

987259 

4 

4 

4.2 

0.035 

1.3 

-0.47 

D 

Is 

10 

4p— 5s 

ipO-2S 

371.03 

900575 

1170098 

6 

2 

220 

0.15 

l.l 

-0.05 

C 

interp 

[371.90] 

901210 

1170098 

4 

2 

140 

0.15 

0.73 

-0.22 

C 

Is 

[369.29] 

899.305 

1170098 

2 

2 

74 

0.15 

■HI 

-0.52 

C 

Is 

Cb  XI 


Ground  State  'So 

Ionization  Potential  591.8  eV  =  4774^00  cm"' 

Allowed  Transitions 

Calculations  by  Kastner,  Omidvar,  and  Underwood  [1],  employing  Hartree-Fock  wave  func- 
tiu.  and  iucluding  intermediate  coupling,  are  available.  Since  the  calculations  are  based  on  a 
single-configuration  approximation  only,  uncertainties  of  up  to  50  percent  are  expected  for  the 
strong  lines  and  even  higher  uncertainties  for  the  weak  lines,  the  latter  being  more  affected  by 
assumptions  about  the  coupling. 
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Reference 


[1]  Kastner.  S.  O.,  Omidvar,  K.,  and  Underwiwd,  J.  H.,  Aslrophya.  J.  148,  269-273  (1967). 

Ca  XI.  Allowed  Transitions 


Transiiiiin 

Array 

Multiplel 

a(A) 

fitcm"') 

2/>»- 

:S_3p» 

[35.576] 

0 

2p«- 

2p»(*P;,2).35 

•S-'P° 

[35.213] 

0 

2p«- 

2p'(’P.?«)3d 

•S-’P" 

[31.257] 

0 

2p'- 

2p»(*PS,3)3d 

'S-'P° 

[.30.867] 

0 

2p«- 

2p»(*P?,,)3d 

'S— ■'D'’ 

[30.448] 

0 

Accti- 

racy 

Source 

E 

1 

1 

E 

1 

D 

1 

D 

1 

CaXll 

Ground  State  ls*2s*2p*  ‘PS/r 

Ionization  Potential  655  eV 

Forbidden  Transitions 

The  line  strength  for  the  one  transition  in  the  ground  state  configuration  is  a  straight  number, 
tabulated  for  example  by  Naqvi  [1].  The  transition  probability  should  also  be  quite  accurate, 
since  the  energy  level  difference  is  accurately  known. 

Reference 

[1]  Naqvi.  A.  M..  Thesis  Harvard  (19,S1). 

CaXll.  Forbidden  Transitions 


Ground  Stale 
Ionization  Potential 


Ca  X!ll 


l5''2s=.2p^='P-. 


Forbidden  Transitions 

Krueger  and  Czyzak's  [1|  values  have  been  used  for  this  ion,  except  for  the  magnetic  dipole 
*Po,  1— *Pi,.i  transitions  where  Naqvi’s  [2|  results  have  been  applied.  Some  wavelength  data  are 
from  observed  coronal  lines.  The  electric  quadrupole  moment  (s,)  is  based  on  self-consistent  field 
wave  functions  with  exchange. 

References 

[l|  Krufuer.  T.  K.  and  Czyzak.  S.  J..  Aalmphys.  J,  144,  1 194-1202  (1966). 

|2|  Naqvi,  A.  M.  Thesis  Harvard  (19.S1). 


Ca\n.  Forbidden  Transitions 


No. 


Transition 

Array 

Multiplet 

2ii*  —  2ii* 

ap  —  ap 

(IF) 

jp_.[) 

jp-  IS 

'D-'S 

\(A) 

A'((cm  ') 

AVtcm  ' 

) 

f^k 

Type  of 
Transi¬ 
tion 

.tfilSHI-  ') 

.S'tal.u.) 

4l)H6 

1) 

24464 

5 

A 

(* 

t).IX);'.62 

t).tX)74 

4()«6. 

•T 

0 

24464 

5 

A 

m 

.117 

2.41 

[.•{484] 

0 

[28fj60] 

.5 

1 

e 

0.01 II 

t).lX);ilt) 

[2:«H0] 

24464 

[28660] 

.4 

1 

m 

.1.81 

1.92 

1124 

1) 

8<>.H)0] 

5 

5 

e 

o.;it) 

0.IX)I6 

1124 

1) 

89ti'H) 

5 

m 

8.'>0 

0.22.1 

l.i.i() 

24164 

8'XMKV 

A 

5 

r 

0.1X189 

2.4X  ll)-< 

l.V)() 

24464 

890(X)j 

A 

5 

m 

III 

0.077 

lo.ih 

[28660] 

8'4000 

1 

5 

e 

l).IX)68 

2.AX  10-' 

(.AW).  2] 

t) 

[l78.ilK»] 

.5 

1 

1.2 

.1.9  X  1  ()--•• 

[619.4] 

24464 

(ITaStHl] 

.4 

1 

nt 

8200 

0.083 

1 

I  11117] 

[8‘XHH)] 

[17a')tH)] 

5 

1 

7.4 

(1.0('76 

.Accu¬ 

racy 


C 

B 

B- 


D- 

C- 

D- 

C- 

I) 


D- 

C- 


Ndircc 


a _ 


Ca  XV 


(iround  Slate  l.s-2.s'-2/r -'Po 

Ionization  Potential  '{ 


Forbidden  Transitions 

Krueger  and  Gzyzak's  [1|  values  have  been  used  for  this  ion.  exc«‘pl  for  the  magnetic  ilipole 
•’P(!  1 —  ’Pi.a  transitions  where  Nacivi's  (21  results  have  been  applied.  Some  wavelength  data  an- 
from  observed  coronal  lines.  The  electric  ({uadrupole  moment  t.s.,)  is  based  on  self-consisti-nl  fi«‘hl 
wave  functions  with  exchange. 

References 

|l|  Krueger.  T.  K.  and  Czyzak.  -S.  J..  .Aslrfipliys  J,  144,  1194-1202  (I96i»(, 

|21  Na<ivi.  A,  M,  Thesis  Harvard  1 1951 1. 


CaXV.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

X(A) 

£((cm“') 

£t(cin“' 

') 

ft 

ft 

Type  of 
Transi¬ 
tion 

/<*((sec-') 

Sfat.u.) 

Accu* 

racy 

Source 

1 

5694.44 

17556 

1 

3 

m 

94.9 

1.95 

B 

r 

[27a3.8] 

35911 

1 

5 

e 

0.00297 

C 

1 

5446.44 

17.5.5 

35911 

3 

5 

m 

77.8 

2.33 

B 

2 

5446.44 

17556 

35911 

3 

5 

mm 

C.0057 

C 

1 

‘> 

»F-‘D 

[916.7] 

109070] 

1 

5 

2.8x10-5 

D- 

1 

1093 

17556 

109070' 

3 

5 

m 

0.163 

C- 

1 

1093' 

109070' 

3 

5 

e 

4.0xl0-< 

D- 

1 

1367' 

.35911 

109070' 

5 

5 

m 

0.455 

C- 

1 

[1367] 

.3.5911 

[109070] 

5 

5 

e 

0.19 

0.0026 

D- 

1 

3 

»P->S 

.581.3 

175.56 

[189570 

3 

1 

m 

8500 

0.062 

C- 

1 

[6.50.8] 

.35911 

[189570] 

5 

1 

e 

4.4 

3.0  X  10-< 

D- 

1 

4 

■D-'S 

! 

1 _ 

1  [1242] 

[109070] 

[189570] 

5 

1 

j 

5.9 

0.010 

D 

1 

30e-022  0-69—20 
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LIST  OF  RECENT  ADDITIONAL  MATERIAL 
(New  material  which  would  have  been  considered  if  received  before  cut-off  date) 


Spectrum 

References 

Spectrum 

References 

Nal 

1,2,10 

Piv 

11 

Mgl 

9,11 

An 

7 

Mgii 

10 

Kl 

10 

Al  I 

3 

Al  n 

11 

Ca  1 

11 

Ca  11 

10 

Si  I 

4,  5,  6,  8 

Si  n 

4 

Si  in 

4,  11 

Si  IV 

12 

References  and  Commen*s 

(1(  Hameed.  S.,  Herzenberg,  A.,  and  James,  M.  (L,  J.  Phys.  B  (Proc.  Phys.  Soc.)  Ser.  2.  1,  822-830 

(1968). 

Nai 

Self-consislenI  field  ealculalions  with  rore  polarization  for  the  resonae.e  transition.  Results 
agree  within  a  few  percent  with  our  tabulated  value. 

(2|  Wolff,  R.  J.,  and  Davis,  S.  P.,  J.  Opt,  Soc.  Am,  S8,  49(M9,S  ( 1 968). 

Nat 

Lifetime  of  3p*P°  state.  Agrees  exactly  with  our  listed  number. 

(3|  Cunningham,  P.  T.,  J.  Opt  Soc.  Am.  SB,  1.507-1.309  (1968). 

All 

Phase-shift  lifetime  of  4s  ’Si/z  and  3(/*D  slates.  Supports  within  2-4  percent  our  adopted  absolute 
scale. 

(4|  Hofmann,  W.,  Max  Planck  Inslilul  fiir  Physik  und  Astrophysik  .MPI-PAE/Extraterr.  (January, 

1%9).  Sit,  II,  III 

Vacuum  uv  stabilized- arc  experiment.  Agreement  with  our  tabulated  data  is  quite  good  for 
,Si  I,  although  Hofmann  has  values  for  many  more  lines.  The  absolute  values  appear  to  be 
low  for  Si  It,  but  the  relative  values  agree  quite  well  with  ours.  Does  not  agree  with  our  listed 
value  (and  systematic  trends)  for  Si  III. 

(5|  Schulz-Culde,  E.,  J.  Quant.  Specirosc.  Radial.  Transfer  9,  I, 3- 2*1  (1969). 

Sit,  It 

Wall-s'.abilized  arc  experiment.  The  values  are  in  |Mior  agreement  with  our  listed  values  and 
the  cah'ulalions  of  refs.  (6|  and  (8|  beh»w.  We  recommend  these  new  extterimenlal  values  over 
those  of  refs.  (6|  and  (8|  and  our  iahulaled  data. 

[6|  Armstrong,  Jr.,  I..,  and  l.iebermann.  15.,  J.  Quant.  S;»eclrosc  Radial.  Transfer  9,  12,3-128  (1%9). 

.Si! 

Intermediate  coupling  calculations  with  absolute  scale  fnini  wavefunctions  with  self-consistent 
field  type  potential.  Should  be  considered  along  with  ref.  (8)  when  values  are  not  available 
from  ref.  (5). 

17)  Veroleinen,  Ya.  F.,  and  Osherovich,  A.  I..,  Optics  and  Speciniscopy  (ll.S.S.R.)  2S,  2.58-2.59 
(1908). 

Ar  I 

Delayed-coincidence  lifetimes.  See  comment  under  Art. 

(8)  Warner,  B.,  Monthly  Notices  Roy.  Aslron.  .Soc.  139,  1-34  (1968) 

Sit 

Intermediate  coupling  calculations  with  wavefunctions  from  Thomas-Fernii-Dirac  potential 
and  with  configuration  mixing.  Should  be  considered  along  with  ref.  [6|  when  values  are  not 
available  from  ref.  (5|. 

(9)  Warner,  B.,  Monthly  Notices  Roy.  Aslron.  Soc.  139,  I03-I1.3  (1968). 

Mgl 

Calculations  similar  to  those  of  ref.  |8|.  Results  agree  usually  very  well  with  our  values. 

(10)  Warner,  B.,  Monthly  Notices  Roy.  Aslron.  Soc.  139,  11.5-128  (19^). 

Nat,  Mg  It,  Kl,  Call 

Calculations  similar  to  those  of  ref.  (8).  The  results  agree  within  a  few  percent  with  our  values. 

(11)  Warner,  B.,  .Monthly  Notices  Roy.  Aslron.  Soc.  140,  53-.59  (1968). 

Mgl,  Al  It.  Si  III,  P  IV,  Cat 

Intermediate  coupling  calculations  with  Thomas-Fermi-Dirac  wavefunctions.  Results  usually 
agree  well  with  our  listed  data  where  one  would  expect. 

(12)  Warner.  B.,  Monthly  Notices  Roy.  Aslron.  So<-.  141,  273-276  (1968). 

Si  IV 

Calculations  based  on  scaled  Thomas-Fermi  wavefunctions.  The  agreement  with  our  tabulated 
materia!  is  excellent. 
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I'he  National  Bureau  of  Standards  '  was  established  by  an  act  of  Congress  March  3,  1901.  Today, 
in  addition  to  serving  as  the  Nation's  central  measurement  laboratory,  the  Bureau  is  a  principal 
focal  point  in  the  Federal  Government  for  assuring  maximum  application  of  the  physical  and 
engineering  sciences  to  the  advancement  of  technology  in  industry  and  commerce.  To  this  end 
the  Bureau  conducts  research  and  provides  central  national  services  in  four  broad  program  areas. 
These  are:  (1)  basic  measurements  and  standards,  (2)  materials  measurements  and  standards, 
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The  Bureau  comprises  the  Institute  for  Basic  Standards,  the  Institute  for  Materials  Research,  the 
Institute  for  Applied  Technology,  the  Center  for  Radiation  Research,  the  Center  for  Computer 
Sciences  and  Technology,  and  the  Office  for  Information  Programs. 

THE  INSTITUTE  FOR  BASIC  STANDARDS  provides  the  central  basis  within  the  United 
States  of  a  complete  and  consistent  system  of  physical  measurement;  coordinates  that  system  with 
measurement  systems  of  other  nations;  and  furnishes  essential  services  leading  to  accurate  and 
uniform  physical  measurements  throughout  the  Nation’s  scientific  community,  industry,  and  com¬ 
merce.  The  Institute  consists  of  an  Office  of  Measurement  Services  and  the  following  technical 
divisions: 

Applied  Mathematics  — Electricity  — Metrology  — Mechanics  — Heat  — Atomic  and  Molec¬ 
ular  Physics  — Radio  Physics  *  — Radio  Engineering*  — Time  and  Frequency  *— Astrophysics *— 
Cryogenics.* 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  leading  to  im¬ 
proved  methods  of  measurement  standards,  and  data  on  the  properties  of  well-characterized 
materials  needed  by  industry,  commerce,  educational  institutions,  and  Government;  develops, 
produces,  and  distributes  standard  reference  materials;  relates  the  phvsical  and  chemical  prop¬ 
erties  of  materials  to  their  behavior  and  their  interaction  with  their  environments;  and  provides 
advisory  and  research  services  to  other  Government  agencies.  The  Institute  consists  of  an  Office 
of  Standard  Reference  Materials  and  the  following  divisions: 

Analytical  Chemistry  — Polymers  — Metallurgy— Inorganic  Materials  —  Physical  Chemistry. 
THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  promote 
the  use  of  available  technology  and  to  facilitate  technological  innovation  in  industry  and  Gov¬ 
ernment;  cooperates  with  public  and  private  organizations  in  the  development  of  technological 
standards,  and  test  methodologies;  and  provides  advisory  and  research  services  for  Federal,  state, 
and  local  government  agencies.  The  Institute  consists  of  the  following  technical  divisions  and 
offices; 

Engineering  Standards— Weights  and  Measures  — Invention  and  Innovation  — Vehicle  Sys¬ 
tems  Research  — Product  Evaluation  —  Building  Research  — Instrument  Shops  — Measure¬ 
ment  Engineering— Electronic  Technology— Technical  Analysis. 

T'HE  CENTER  FOR  RADIATION  RESEARCH  engages  in  research,  measurement,  ap¬ 
plication  of  radiation  to  the  solution  of  Bureau  mission  problems  and  the  problems  of  other  agencies 
and  institutions.  The  Center  consists  of  the  following  divisions: 

Reactor  Radiation  — Linac  Radiation  — Nuclear  Radiation  — Applied  Radiation. 

THE  CENTER  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  research  and 
provides  technical  services  designed  to  aid  Government  agencies  in  the  selection,  acquisition, 
and  effective  use  of  automatic  data  processing  equipment:  and  serves  as  the  principal  focus 
for  the  development  of  Federal  standards  for  automatic  data  processing  equipment,  techniques, 
and  computer  languages.  The  Center  consists  of  the  following  offices  and  divisions: 

Information  Processing  Standards  — Computer  Information  — Computer  Services  — Systems 
Development  — Information  Processing  Technology. 

THE)  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination  and 
accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of  the  Federal 
government:  promotes  the  development  of  the  National  Standaid  Reference  Data  System  and  a 
system  of  information  analysis  centers  dealing  with  the  broader  aspects  of  the  National  Measure¬ 
ment  System,  and  provides  appropriate  services  to  ensure  that  the  NBS  staff  has  optimum  accessi¬ 
bility  to  the  scientific  information  of  the  world.  The  Office  consists  of  the  following  organizational 
units: 

Office  of  Standard  Reference  Data  — Clearinghouse  for  Federal  Scientific  and  Technical 
Information  ^  —  Office  of  Technical  Information  and  Publications  — Library  — Office  of  Public 
Information- Office  of  International  Relations. 
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eign,  $7.25*. 
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within  the  Federal  Government  for  information  on 
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Moore,  1965  (35  cents). 

□  NSRDS-NBS  3,  Sec.  2.  Selected  Tables  of 
Atomic  Spectra,  Atomic  Energy  Levels 
and  Multiple!  Tables,  Si  I,  by  C.  E.  Moore, 
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